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Introduction 


ISDN, the Integrated Services Digital Network, is the major component of an evolving World Network™ 
that is linking telephones and computers around the globe. This development is molding an intricate 
infrastructure of the world’s telephones as well as the multitudes of existing computers and data networks. 


Advanced Micro Devices’ family of ISDN devices provides comprehensive solutions for the new services 
that offer simultaneous transmission and reception of voice and data over a common network. AMD is a 
leading participant in the development and advancement of ISDN as a major worldwide technology. 


This Data Book is your comprehensive guide to Advanced Micro Devices’ extensive line of ISDN pro- 
ducts. Whether your application is terminal equipment, network terminators, line terminators, PABXs, 
concentrators or central office line cards, our products provide a cost-effective, complete solution with 
both highly integrated silicon and high-performance software that is compliant with the CCITT standards. 


Advanced Micro Devices’ commitment in 1982 to becoming a leader in ISDN is a reality today. We 
continue to apply substantial resources to maintain that leadership position—now and for the future. 
AMD's technical staff excels at offering support at every level. Our trained field applications engineers, 
specialists in communications, are backed by system experts in the factory. Call your local AMD sales 
Office or the authorized representative listed in the back of this publication for further information about 
ISDN. 





Gary Ashcraft 
Vice President 


Communication Products Division 
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GENERAL DESCRIPTION 


The Am79C30A Digital Subscriber Controller (DSC) 
and Am79C32A ISDN Data Controller (IDC), shown in 
the block diagram, provide the Terminal Equipment ac- 
cess to the ISDN. The Am79C30A/32A is compatible 
with the CCITT I-Series recommendations at the ‘S’ ref- 
erence point allowing the user of the device to design 
TEs which conform to the international ISDN standards. 


The Am79C30A/32A provides a 192 kbps full duplex 


digital path between the TE located in the subscriber's 


premises and the NT or PABX line card over 4-wires. 
The Am79C30A/32A separates the bit stream into the 
B1- (64 kbps), B2- (64 kbps) and D- (16 kbps) channels. 
The B-channels are routed to different sections of the 
Am79C30A under user control. The D-channel is par- 
tially processed in the Am79C30A/32A and passed to 
the microprocessor for further processing. 


The transmission rate of 192 kbps provides a 48-bit 
frame every 250 us for framing and maintenance. The 
frame structure provides for frame synchronization and 
multiple terminal contention resolution as described in 
the CCITT I-series recommendations. Both point-to- 
point and point-to-multipoint connections are 
supported. | 


The Am79C30A can be used as a voice telephone, a 
digital data terminal, or a voice and data terminal. The 
Am79C32A can be used as a digital data terminal. 


The audio processor in the Am79C30A, shown in the 
block diagram, uses Digital Signal Processing (DSP) to 
implement the codec and filter functions. The audio 
processor interfaces to a speaker, an earpiece, and two 
separate audio inputs. In the receive and transmit paths 
the user may program gain or alter the frequency re- 
sponse. The audio processor is not available in the 
Am79C32A. 


A serial port gives the user access to the B-channels of 
the Am79C30A/32A multiplexer. This serial port may be 
used by data terminals and provides, with additional cir- 
Cuitry, access to the CCITT ‘R’ reference point. 


The Am79C30A/32A is controlled via an interrupt driven 
microprocessor bus interface by an external micropro- 
cessor. Using this interface, the microprocessor pro— 
cesses the D-channel information and programs the 
Am79C30A/32A accordingly. This includes program- 
ming a multiplexer within the Am79C30A/32A to route 
the B-channels as specified by the D-channel control in- 
formation. The microprocessor can interrogate and pro- 
gram the Am79C30A/32A via its mode, status, and error 
registers. 
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CONNECTION DIAGRAMS 
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Figure 2. Am79C30A DSC Connection Diagrams 
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Figure 3. Am79C32A IDC Connection Diagrams 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM79C30A/32A P Cc B 


: es e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 
P = 40-Pin Plastic DIP (PD 040) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am79C30A/32A 
Digital Subscriber Controller (DSC) 
ISDN Data Controller (IDC) 









Valid Combinations 


AM79C30A/32A PC,JC,PCB,JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


All signal levels are TTL compatible unless otherwise stated. 


Line Interface Unit (LIU) 


HSW 
Hook-Switch (Input) 


The HSW signal indicates if the hookswitch is on or off 
hook. This signal may be generated with a mechanical 
switch wired to ground with a pull-up resistor to Vcc. Any 
change in the HSW state causes an interrupt. 


LIN1, LIN2 
Subscriber Line Input (Differential Inputs) 


The LIN1 and LIN2 inputs interface to the subscriber (‘S’ 
reference point) via an isolation transformer. LIN2 is the 
positive input, LIN1 is the negative input. These pins are 
not TTL compatible. 


LOUT1, LOUT2 
Subscriber Line Output (Differential Outputs) 


The LOUT1 and LOUT2 line driver output signals inter- 
face to the subscriber line at the ‘S’ reference point via 
an isolation transformer and resistors. LOUT2 is the 
positive ‘S’ interface driver (that is, sources current dur- 
ing ahigh mark) and LOUT1 is the negative ‘S’ interface 
driver (that is, sources current during low mark). For 
multipoint applications, all TE’s must maintain the same 
polarity on the ‘S’ interface. These pins are not TTL 
compatible. 


Multiplexer (MUX) 


SBIN 
Serial Channel (Input) 


The data rate on SBIN is 192 kbps. SBIN consists of 
three 64 kbps serial channels. Data bytes are received 
MSB first. 


SBOUT 
Serial Channel (Output) 


The data rate on SBOUT is 192 kbps. SBOUT consists 
of three 64 kbps serial channels. Data bytes are trans- 
mitted MSB first. 


SCLK 
Serial Clock (Output) 


SCLK is a 192 kbps synchronization clock which defines 
the position of the serial bits in the SBOUT and SBIN 
channels. Data at the SBIN input must be valid on the 
rising edge of SCLK. The data on the SBOUT pin 
changes on the falling edge of SCLK. SCLK powers up 
tri-stated, and is enabled when a MUX connection is 
programmed. 


SFS 
Serial Channel Frame Sync. (Output) 


SFS is an 8 kHz signal which identifies the beginning of 
each frame by a low to high transition. The192 kbps data 
stream on SBIN and SBOUT is referenced to SFS. SFS 


powers up tri-stated, and is enabled when a MUX con- 
nection is programmed. 


Main Audio Processor (MAP) 


All MAP pins are analog, and hence not TTL compatible. 


AINA, AINB 

Analog (inputs) 

These analog inputs allow for two separate analog 
(audio) inputs to the transmit path of the codec/ filter. In- 
put signals on either of these pins must be referenced to 
AREF. 


AREF 

Analog Reference (Output) | 

This is a nominal 2.4 V reference voltage output for bias- 
ing the analog inputs. Note that AREF is only available 
when the MAP is active. 


CAP1, CAP2 

Capacitor/Resistor (CAP1, Input; CAP2, Output) 
An external resistor and capacitor are connected in 
series between these pins. These components are 
needed for the integrator in the Analog to Digital 
Converter (ADC). 


EAR1, EAR2 

Earpiece interface (Differential Outputs) 

EAR1 and EAR2 are the outputs from the receive path of 
the filter codec. These differential outputs can directly 
drive 600 ohms. 


LS1, LS2 
Loudspeaker Interface (Differential Outputs) 


LS1 and LS2 are push-pull outputs which can directly 
drive a 50 ohm loudspeaker. 


Microprocessor Interface (MPI) 


A2-A0 

Address Line (Inputs) 

A2, A1, and AO signals select source and destination 
registers for read and write operations on the data bus. 
cs 

Chip Select (input) 

CS must be low to read or write to the AM79C30A/32A. 


Data transfer occurs over the bidirectional data lines 
(D7-D0). 


D7-D0 
Data Bus (Bidirectional with High Impedance State) 


The eight bidirectional data bus lines are used to ex- 
change information with the microprocessor. DO is the 
least significant bit (LSB) and D7 is the most significant 
bit (MSB). A high on the data bus line corresponds to a 
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logic ‘1’ and low corresponds to a logic ‘0’. These lines 
act as inputs when both WR and are active and as 
outputs when both RD and CS are active. When CS is 
inactive or both RD and WR are inactive, the DO-D7 pins 
are in a high impedance state. 


INT 
interrupt (Output) 


An active low output on the INT pin informs the external 
microprocessor that the Am79C30A/32A needs inter- 
rupt service. INT is updated once every 125 ps. The INT 
pin remains active until the Interrupt Register (IR) is 
read or the Am79C30A/32A is reset. 


RESET 
Reset (Input) 


Reset is an active high signal which causes the 
Am79C30A/32A to immediately terminate its present 
activity and initialize to the reset condition. When reset 
returns low, the Am79C30A/32A enters the idle mode. 


RD 

Read (Input) 

The active low read signal is conditioned by CS and indi- 
cates that internal information is to be transferred onto 
the data bus. A number of internal registers are user ac- 
cessible. The contents of the accessed register are 
transferred onto the data bus after the high to low transi- 
tion of the RD input. 


WR 
Write (input) 


The active low write signal is conditioned by CS and indi- 
cates that external information on the data bus is to be 
transferred to an internal register. The contents of the 
data bus are loaded on the low to high transition of the 
WR input. 


Oscillator (OSC) 


MCLK 
Master Clock (Output) 


The MCLK output is available for use as the system 
clock for the microprocessor. It is derived from the 
12.288 MHz crystal via a programmable divider in the 
Am79C30A/32A which provides the following MCLK 
output frequencies: 12.288, 6.144, 4.096, and 3.072 
MHz. 


XTAL1, XTAL2 
External Crystal (Output/Input) 


XTAL1 and XTAL2 are connected to an external parallel 
resonant crystal for the on-chip oscillator. XTAL2 can 
also be connected to an external source instead of a 
crystal, in which case XTAL1 should be left discon- 
nected. The frequency must be 12.288 MHz, + 80 ppm. 


Power Supply Pins 


AVcc +5V analog power supply +5% (PLCC only) 
AVss_ Analog ground (PLCC only) 
DVss__ Digital ground (PLCC only) 


DVcc +5V digital power supply, 45% (PLCC only) 


DIP Packages 
Vcc +5V power supply, +5% (DIP only) 
Vss Ground (DIP only) 


Note: For best performance, decoupling capacitors should be 
installed between Vcc and Vss as close to the chip as 
possible. Do not use separate supplies for analog and digital 
power and ground connections. 
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OPERATIONAL DESCRIPTION 


In order to specify the functions of the Am79C30A/32A, 
the device has been divided into blocks as shown in the 
block diagram. Each of the blocks listed below is defined 
separately in the Functional Description. 


LIU Line Interface Unit 

MUX Multiplexer 

MAP Main Audio Processor (Am79C30A only) 
DLC Data Link Controller 


MPI = Microprocessor interface 
OSC Oscillator and Timing Circuitry 


User Accessible Registers/Buffers 


The microprocessor interface is used to program and 
control the operation of the Am79C30A/32A. The follow- 
ing registers/buffers are user accessible in each of the 
blocks listed above and are described in the respective 
Functional Description Sections. 














Registers No. Mnemonic 
Line Interface Unit (LIU) 

LIU Status Register 1 LSR 
LIU Priority Register 1 LPR 
LIU Mode Registers 2 LMR 
Multiframe Register 1 MF 
Multiframe S-Bit/Status Buffer 1 MFSB 
Multiframe Q-Bit Buffer 1 MFQB 
Multiplexer (MUX) 

MUX Control Registers 4 MCR 
Main Audio Processor (MAP) 

(Am79C30A only) 

X Filter Coefficient Registers 16 X 

R Filter Coefficient Registers 16 R 

GX Gain Coefficient Registers 2 GX 
GR Gain Coefficient Registers 2 GR 
GER Gain Coefficient Registers 2 GER 
Sidetone Gain Coefficient Registers 2 STGR 
Frequency Tone Generator Registers 2 FTGR 
Amplitude Tone Generator Registers 2 ATGR 
MAP Mode Registers 2 MMR 
Data Link Controller (DLC) 

First Received Byte Address Registers 4 FRAR 
Second Received Byte Address Registers 4 SRAR 
Transmit Address Register (16 bit) 1 TAR 
D-channel Receive Byte Limit Register (16 bit) 1 DRLR 
D-channel Receive Byte Count Register (16 bit) (2 byte FIFO) 1 DRCR 
D-channel Transmit Byte Count Register (16 bit) 1 DTCR 
Random Number Generator Registers 2 RNGR 
D-channel Mode Registers 4 DMR 
D-channel Status Registers 2 DSR 
Address Status Register (2 byte FIFO) 1 ASR 
D-channel Error Register (2 byte FIFO) 1 DER 
Microprocessor Interface (MPI) 

Initialization Register 1 INIT 
Command Register 1 CR 
Interrupt Register 1 IR 
Data Register 1 DR 
D-channel Transmit Buffer (8 byte FIFO) 1 DCTB 
D-channel Receive Buffer (8 byte FIFO) 1 DCRB 
Bb Transmit Buffer 1 BBTB 
Bb Receive Buffer 1 BBRB 
Bc Transmit Buffer 1 BCTB 
Bc Receive Buffer 1 BCRB 


Note: See the Microprocessor Interface section for register addressing. 
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Initialization 


The initialization procedure is controlled via the Initiali- section. This Initialization Register (INIT) has the follow- 
zation Register (INIT) which is accessed by the micro- ing format: 
processor as defined in the Microprocessor interface 


Initialization Register (INIT), Read/Write 











Bit # 
765493210 Control Function 
X X X X X X 0 0 Power Mode Selection idle Mode (default) 
X X X X X X 0 1 Active Mode (voice & data) 
X X X X X X 1 0 Active Mode (Data only) 
X X X X X XK 1 1 Reserved 
X X X X XO X X Interrupt Selection Enable INT pin (default) 
X X X X X 1 XK X Disable INT pin 
Xx X 000 X X X Divide by 2 (default) 
X X 001X X X Clock Divider Selection Divide by 1 
X X¥ 01 0X X X Divide by 4 
X X 011 %X X X Divide by 2 
X X10 0X X X Divide by 3 
Xx X 101 X X X Divide by 2 
X X 110 X X X Divide by 2 
X X11 1X X X Divide by 2 
X 1X X XK X XK X Abort Selection Receive abort 
Xx 0 X X X X X KX No Receive abort (default) 
1X XX X X X X Transmit abort 
OX X X X X XK X No Transmit abort (default) 
Reset 


The Am79C30A/32A can be reset by driving the reset initializes the Am79C30A/32A to its default values as 
pin high. When power is first supplied to the defined in the subsequent sections. After reset, the 
Am79C30A/32A, a reset must be asserted. This Am79C30A/32A enters the idle mode. 


Idle Mode Operation 


To conserve power the Am79C30A/32A can be placed register. When the Am79C30A/32A is in the idle mode, 
in the idle mode. This can be done by either asserting and there is no activity on any of the external interfaces, 
the RESET signal or by clearing bits 0 and 1 in the INIT the state of the output pins are: 





Pin Name State following RESET idle Mode 
D7-DO High impedance High impedance 
MCLK 6.144 MHz As programmed (see Initialization section) 
INT Logical ‘1’ Logical ‘1’ can be driven low by internal conditions 
explained below 
SBOUT High impedance High impedance 
SFS High impedance 8 kHz 
SCLK High impedance 192 kHz period 
LS1, LS2, 
EAR1, High impedance High impedance 
EAR2, 
AREF 
LOUT1, High impedance High impedance 
LOUT2 
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SFS and SCLK will be high impedance after a reset, and 
will become active upon the first write to any MCR 
registers. 


The minimum idle mode power consumption is met if 
bits 3 and 5 of the INIT register are set to a logical ‘0’ and 
bit 4 is set to a logical ‘1’, thus ensuring that the MCLK 
output is 3.072 MHz. 


In the idle mode the MAP, SBP, MUX and DLC blocks 
are disabled and the OSC, MPI and LIU blocks are ac- 
tive. The programmed state of the Am79C30A/32A is 
maintained (hence the programmable registers retain 
their data) and the Am79C30A/32A can be programmed 
while in the idle mode. The DLC read only registers are 
reset. The microprocessor can access any of the 
Am79C30A/32A registers but the idle mode power con- 
sumption specification does not apply when the micro- 
processor is accessing the AmM79C30A/32A. 


If the receiver is enabled, the LIU responds automati- 
Cally to activity when the Am79C30A/32A is in the idle 
mode. Thus, if the receiver is enabled and the LIU either 
detects activity onthe ‘S’ interface or receives an activa- 
tion request from the microprocessor, the LIU follows 
the CCITT activation procedure and interrupts the mi- 
croprocessor when activation has been achieved. The 
default value of LIU Mode Register 1 bit 6 disables the 
receiver. The Am79C30A/32A idle mode can be termi- 
nated in the following three ways: 


1) When the LIU achieves activation on the ‘S’ inter- 
face, the Am79C30A/32A interrupts the micropro- 
cessor (depending on the programmed state of the 
Am79C30A/32A's LIU Mode Register 1). This inter- 
rupt “wakes up” the microprocessor if it is in its idle 
mode. The microprocessor then programs the 
Am79C30A/32A to the proper mode via bits 0 and 1 
in the INIT register. (See LIU section.) 


2) The Am79C30A/32A has a hookswitch (HSW) de- 
tector with debounce circuitry to accommodate the 
requirements of a mechanical switch. When the 
HSW changes state, an interrupt is generated to the 
microprocessor if the HSW interrupt is enabled. The 
microprocessor can then read the status of the 


HSW via the LIU Status Register and power-up the 
Am79C30A/32A as required. 


3) At any time, the microprocessor can terminate the 
idle mode by writing to bit 0 and bit 1 of the INIT 
Register. 


MCLK Options 


Upon reset the Am79C30A/32A crystal frequency of 
12.288 MHz is divided by two and output as the MCLK. 
The microprocessor can alter this output frequency 
through the INIT register as per its timing requirements. 
It should be noted that the MCLK is never stopped. The 
frequencies available at the MCLK output pin are: 


1) 12.288 MHz (divide by 1) 
2) 6.144 MHz (divide by 2) 
3) 4.096 MHz (divide by 3) 
4) 3.072 MHz (divide by 4) 


Receive and Transmit Abort Commands 


The microprocessor has the option via INIT register bits 
6 and 7 to abort the receive and transmit D-channel 
packets. When the microprocessor sets one of these 
bits, the Am79C30A/32A aborts the respective opera- 
tion. The frame abort sequence is defined in greater de- 
tail later. (See Data Link Controller section.) ; 


Interrupt Handling 


The Am79C30A/32A generates either no interrupt_or 
Only one interrupt every 125 psec. Once asserted, INT 
remains active until the microprocessor responds by in- 
terrogating the Am79C30A/32A’s Interrupt Register. 
Reading the Interrupt Register in response to an acti- 
vated INT pin deactivates the INT pin, and clears the in- 
terrupt register. 


If an interrupt causing event occurs while the Interrupt 
Register (IR) is being read by the microprocessor, the 
effect of the event is held until the microprocessor has 
completed it’s read cycle. A reset clears all interrupt 
Causing conditions. 


The INT pin remains active until the Interrupt Register is 
read or reset is driven active. The Interrupt Register is 
cleared by reading the Interrupt Register, or by reset. 
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Interrupt Register (IR), Read Only 
The Interrupt Register has the following format: 








Bit interrupt generated/action required interrupt Mask 
0 D-channel transmit threshold interruptioad D-channel Transmit Buffer DMR11 bit 0 
1 D-channel receive threshold interrupt/read D-channel Receive Buffer DMAR1 bit 1 
2 D-channel status interrupt/read DSR1 

Source Cause 

DSR1 bit 0 Valid Address (VA) or End of Address (EOA) DMR3 bit 0 

DSR1 bit 1 When a closing flag is received or a receive error occurs DMRA1 bit 3 

DSA1 bit 6 When a closing flag is transmitted DMRS bit 1 
3 D-channel error interrupt/read DER and DSR2 bit 2 

Source Cause 

DER bit 0 Current received packet has been aborted DMR2 bit 0 

DER bit 1 Non-integral number of bytes received DMR2 bit 1 

DER bit 2 Collision abort detected DMR2 bit 2 

DER bit 3 FCS error DMR2 bit 3 

DER bit 4 Overflow error DMR2 bit 4 

DER bit 5 Underflow error DMRz2 bit 5 

DER bit 6 Overrun error DMR2 bit 6 

DER bit 7 Underrun error DMR2 bit 7 

DSR2 bit 2 Receive packet lost DMR3 bit 6 
4 Bb or Bc byte available or buffer empty interrupt/read or write Bb or Bc buffers MCR4 bit 3 
5 LIU status interrupt/read LSR 

Source Cause 

LSR bit 3 Change of state to F3 LMR2 bit 3 

LSR bit 4 Change of state from/to F7 LMR2 bit 6 

LSR bit 5 Change of state from/to F8 LMR2 bit 4 

LSR bit 7 HSW change of state LMR2 bit 5 
6 D-Channel status interrupt/read DSR2 

Source Cause 

DSR2 bit 0 Last byte of received packet DMR3 bit 2 

DSR2 bit 1 Receive byte available DMR3 bit 3 

DSR2 bit 3 Last byte transmitted DMR3 bit 4 

DSR2 bit 4 Transmit buffer available DMR3 bit 5 
7 Multiframe interrupt/read MFSB 

Source 

MFSB bit 5 S-data available MF bit 1 

MFSB bit 6 Q-bit buffer empty MF bit 2 

MFSB bit 7 Multiframe change of state (In/Out of sync.) MF bit 3 





Bits 0, 1 and 4 of the IR, if set, advise the microprocessor 
that the respective buffer is ready for reading or writing. 
If bit 0 is set due to an empty buffer, the D-Channel 
Transmit Buffer must be serviced within 375 us. If bit 1 is 
set and the D-Channel Receive Buffer is full, the buffer 
must be serviced within 425 pis. This is to prevent erro- 
neous data transfers causing transmitter underrun and 
receiver overrun errors. If bit 4 is set then the Bb or Bc 
buffers must be accessed within 122.4 js. This is to pre- 
vent erroneous data transfers. Only one interrupt is 
used to signal accessibility for both B-channels of the ‘S’ 
interface. Since the data transfer must occur synchro- 
nously to the ‘S’ interface, any data access to either Bb 
or Bc or both must be made within the 122.4 s limit. 
Note: even though only a single interrupt is issued, 
either or both ‘S’ interface B-channels must be serviced. 


IR bits 2, 3, 5, 6, and 7, if set, indicate that a bit has been 
set in the associated status or error register. All of the 
interrupts generated by the Am79C30A/32A can be indi- 
vidually disabled. 


DMR1, DMR2, DMR3, LMR2, MCR4, and MF control 
the mask conditions which affect the INT pin. The INT 
pin is activated only by interrupts which are not disabled 
and the Interrupt Register reflects the status of enabled 
interrupts. The INT pin can be disabled by setting INIT 
register bit 2 to a logical ‘1’. 


The Am79C30A/32A has facilities that allow the micro- 
processor to read the status registers (status update is 
inhibited during status read) or the IR at any time during 
functional operation. 
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Test Facilities 


_ The Am79C30A/32A provides three types of test 
facilities: 


1) The ability to suppress the framing signals from the 
Am79C30A/32A to the network termination. This 
simulates a loss of synchronization and is pro- 
grammed into LMR1 bits 2 and 3. 


2) Three types of D-channel loopbacks, two on the ‘S’ 
interface for maintenance purposes and one on the 
microprocessor interface for local testing. Normally, 
the Am79C30A/32A compares its transmitted D- 
channel bits to its received E-channel bits. Any dif- 
ference is interpreted as an error condition which 
halts transmission. However, in these loopbacks, 
the Am79C30A/32A ignores any such difference, 


3) 


thereby allowing transmission to proceed. These 
loopback test modes are selected via LMR2 bits 0,1 
and 2. See LIU Registers section for more details. 


Two MAP loopbacks, one analog and one digital. 
The analog loopback enables an analog signal to be 
sent in on AINA or AINB and out on EAR1/EAR2 or 
LS1/LS2. This loopback is selected by connecting 
Ba to Ba in the multiplexer. The digital loopback 
tests the digital portion of the MAP by routing the 
data from the MUX through to the interpolator and 
then feeding it into the decimator. The ADC and 
DAC are disconnected from the loopback path. This 
loopback is selected by setting bit 7 of MMR1 toa 
logical ‘1’ (See Figure 9). 
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FUNCTIONAL DESCRIPTION 
Microprocessor Interface (MPI) 


The Am79C30A/32A can be connected to any general 
purpose 8-bit microprocessor via the MPI. The MCLK 
from the Am79C30A/32A can be used as the clock for 
the microprocessor. The MPIis an interrupt driven inter- 
face containing all the circuitry necessary for access to 
the internal programmable registers, status registers, 
coefficient RAM, and transmit/receive buffers. 


MPI External Interface 
The MPI has the following external connections: 


Name Direction Function 
D7-D0O Bidirectional Data Bus 
A2, A1, & AO Inputs Address Line 
RD Input Read enable 
WR Input Write enable 
CS Input Chip Select 
RESET Input Initialization 
INT Output Interrupt 
Register Selection 

CS RD WR A2_~ Atl AO 

0 1 0 0 0 0 

0 0 1 0 0 0 

0 1 0 0 0 1 

0 0 1 0 0 1 

0 0 1 0 1 0 

0 0 1 0 1 1 

0 1 0 1 0 0 

0 0 1 1 0 0 

0 1 0 1 0 1 

0 0 1 1 0 1 

0 1 0 1 1 0 

0 0 1 1 1 0 

0 0 1 1 1 1 

1 X X X X X 


Directly Accessed Registers/Buffers 


Register Nvinemonic 
Command Register CR 
Interrupt Register IR 

Data Register DR 
D-channel Status Register 1 DSR1 


D-channei Error Register (2 byte FIFO) DER 

D-channel Transmit Buffer (8 byte FIFO) DCTB 
D-channel Receive Buffer (8 byte FIFO) DCRB 
Bi Transmit Buffer BBTB 
Bb Receive Buffer BBRB 
Bc Transmit Buffer BCTB 
Bc Receive Buffer BCRB 
D-channel Status Register 2 DSR2 


The 8-bit bidirectional data bus (D7-D0) is used to com- 
municate with these registers. The selection of which 
register(s) is (are) accessed is controlled by the CS, RD, 
WR, A2, A1, and AO signals from the microprocessor to 
the Am79C30A/32A in the following manner (see Figure 
4): 


Register(s) Accessed 


Command Register (CR), write only 
Interrupt Register (IR), read only 
Data Register (DR), write only 

Data Register (DR), read only 


D-channel Status Register 1 (DSR1), read only 

D-channel Error Register (DER), read only (2 byte FIFO) 
D-channel Transmit Buffer (DCTB), write only (8 byte FIFO) 
D-channel Receive Buffer (DCRB), read only (8 byte FIFO) 
Bb channel Transmit Buffer (BBTB) write only 


Bb channel Receive Buffer (BBRB), read only 
Bc channel Transmit Buffer (BCTB), write only 
Bc channel Receive Buffer (BCRB), read only 
D-channel Status Register 2 (DSR2), read only 
No access (X = logical ‘0’ or ‘1’) 


Note: The RD and WR signals must never both be low under normal operating conditions. 
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Indirectly Accessed Registers 


To read from or write to any of the indirect data registers byte(s) is then transferred to or from the selected 
a command is first written to the Command Register register(s) as follows: 
(CR). Depending on the command, one (or more) data 


INT D7DgDs Dy D3 Dp Dy Dp A2 At AO 
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Figure 4. MPI Block Diagram 
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Command Register (CR), Write only 


The Command Register (CR) is used to hold the index 
for the indirectly accessed registers. The CR is one byte 
wide and divided into two fields, the destination code 
field (DCF) and the operational code field (OCF): 


Bit 7 | Bit 0 


DCF OCF 





The ‘Y’ bits in the DCF determine to which block the 
OCF is related. The ‘Y’ bits are defined below: 


Am79C30A/32A block Y2  Y1~ YO 
RESERVED 0 0 0 
INIT 0 oO 1 
MUX 0 1 0 
MAP (Am79C30A only) 0 1 1 
DLC 1 0 0 
LIU 1 0 1 
RESERVED 1 1 0 
RESERVED 1 1 1 


The ‘Z’ bits of the OCF contain the operation code used 
to address a specific register within a DCF block. For 
each DCF there is a different set of OCFs. Each of the 
OCFs and their associated data registers are defined in 
the following sections. When the OCF indicates a read 
or write operation is possible, then the appropriate ac- 
cess is achieved by asserting either the read or write sig- 
nals to the Am79C30A/32A. 


Registers within certain groups can be quickly accessed 
by using internal circuitry which automatically incre- 
ments the indirect address (index value) contained in 
the OCF. The CR is first loaded with the index value, 
then the data bytes are transferred in sequence be- 
tween the Am79C30A/32A and the microprocessor via 
the DR. For example, operation number 5 in the MPI- 
LIU definition allows operations 2 to 4 to be performed 
sequentially without reloading the CR. Whenever the 
CR register is loaded, any previous commands are 
automatically terminated. 


In the following tables the “bytes transferred” numbers 
next to the OCFs are the number of bytes which are read 
or written to the DR after the CR has been loaded. 


MPI-INIT Definition 


The INIT register is used by the microprocessor to select 
the MCLK output frequency and the power-up/idle 


states of the Am79C30A/32A. This register is accessed 
via the ‘Z’ bits in the CR as follows: 


OCF 
INITOPERATION Z4 Z3 Z2 Z1 ZO 
(DCF = 001) 


R/W INIT register 


Bytes 
Transferred 


0000 1 1 


MPI-LIU Definition 
The LIU contains the following registers: 








LIU Registers No. 


Mnemonic 
LIU Status Register 1 LSR 
LIU Priority 1 LPR 
LIU Mode Registers 2 LMR1, LMR2 
Multiframe Register 1 MF 
Multiframe S-bit Buffer 1 MFSB 
Multiframe Q-bit Buffer 1 MFQB 


These registers are accessed via the ‘Z’ bits inthe CR as 
follows: 


OCF 
LIU OPERATION 24 Z3 Z2 Z1 ZO Bytes 
(DCF = 101) Transferred 
1. Read LSR 0000 1 1 
2. R/WLPR 0001 0 1 
3. R/W LMR1 0001 1 1 
4. R/(W LMR2 0010 0 1 
5. Perform 0010 1 3 
Operations 2-4 
6. Read/Write MF 0 0 11 =O 1 
7. Read MFSB 0011 1 1 
8. Write MFQB 0100 0 1 


MPI-MUX Definition 


The MUX contains four microprocessor read/write con- 
trol registers MCR1, MCR2, MCR3, and MCR4. These 
registers are accessed via the ‘Z’ bits in the CR as fol- 
lows: 


OCF 
MUX OPERATION Z4 Z3 Z2 Z1 ZO Bytes 
(DCF = 010) Transferred 
1. R/W MCR1 00 0 0 1 1 
2. R/W MCR2 00 0 1 0 1 
3. R/W MCR3 0001 1 1 
4. R/W MCR4 001 0 0 1 
5. Perform 00 1 0 1 4 


Operations 1-4 


When more than one byte is being transferred due to 


OCF command 5, MCR1 is always accessed first, fol- 
lowed by MCR2, then MCR3, and finally MCR4. 
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MPI-MAP Definition (Am79C30A only) 











The MAP registers are: 
MAP Registers No. Mnemonic 
X Filter Coefficient Registers 16 X 
R Filter Coefficient Registers 16 R 
GX Gain Coefficient Registers 2 GX 
GR Gain Coefficient Registers 2 GR 
GER Gain Coefficient Registers 2 GER 
Sidetone Gain Coefficient Registers 2 STGR 
Frequency Tone Generator Registers 2 FTGR 
Amplitude Tone Generator Registers 2 ATGR 
MAP Mode Registers 2 MMR 
These registers are accessed via the OCF ‘Z’ bits in the CR. 

OCF Bytes 
MAP OPERATION (DCF=011) 24 23 22 21 20 Transferred 
1. R/WX Filter Coefficients 0 0 0 0 1 16 
2. RWR Filter Coefficients 0 0 0 1 0 16 
3. R/W GX Gain Coefficients 0 0 0 1 1 2 
4. RW GR Gain Coefficients 0 0 1 0 0 2 
5. R/W GER Gain Coefficients 0 0 1 0 1 2 
6. R/W STG Coefficients 0 0 1 1 0 2 
7. RWFTGR1 & FTGR2 0 0 1 1 1 2 
8. RW ATGR1 & ATGR2 0 1 0 0 0 2 
9. RAW MMRI 0 1 0 0 1 1 
10. R/(W MMR2 0 1 0 1 0 1 
11. Perform Operations 1-10 0 1 0 1 1 46 
MPI-DLC Definition 
The indirectly accessible DLC registers are: 
Registers No. Mnemonic 
First Received Byte Address Registers 4 FRAR 
Second Received Byte Address Registers 4 SRAR 
Transmit Address Register (16 bit) 1 TAR 
D-channel Receive Byte Limit Register (16 bit) 1 DRLR 
D-channel Receive Byte Count Register (16 bit) (2 word FIFO) 1 DRCR 
D-channel Transmit Byte Count Register (16 bit) 1 DTCR 
Random Number Generator Registers 2 RNGR 
D-channel Mode Registers 4 DMR 
Address Status Register (2 byte FIFO) 1 ASR 
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OCF Bytes 





DLC OPERATION (DCF = 100) 24 23 22 21 ZO Transferred 
1. RWFRARI1,2&3 0 0 0 0 1 3 
2. R/WSRARI,2&3 0 0 0 1 0 3 
3. R/WTAR 0 0 0 1 1 2 
4. R/WDRLR 0 0 1 0 0 2 
5. R/AWDTCR 0 0 1 0 1 2 
6. R/WDMRI 0 0 1 1 0 1 
7. RAW DMR2 0 0 1 1 1 1 
8. Perform Operations 1-7 0 1 0 0 0 14 
9. Read DRCR 0 1 0 0 1 2 
10. RWW RNGRY1 0 1 0 1 0 1 
11. RAV RNGR2 0 1 0 1 1 1 
12. R/W FRAR4 0 1 1 0 0 1 
13. R/W SRAR4 0 1 1 0 1 1 
14. RW DMR3 0 1 1 1 0 1 
15. R/W DMR4 0 1 1 1 1 1 
16. Perform Operations 12-15 1 0 0 0 0 4 
17. Read ASR 1 0 0 0 1 1 
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Microprocessor Access Guide for Indirect Registers 








Block Opera- Register Y & Z HEX Byte 
Accessed tion# Name Coding Sequence 
MPI-INIT 1 INIT 21 One byte transferred 
MPI-LIU 1 LSR Al One byte transferred 
2 LPR A2 One byte transferred 
3 LMR1 A3 One byte transferred 
4 LMR2 A4 One byte transferred 
5 Perform 2-4 A5 LPR, LMR1, LMR2 
6 MF A6 One byte transferred 
7 MFSB A7 One byte transferred 
8 MFQB A8 One byte transferred 
MPI-MUX 1 MCR1 41 One byte transferred 
2 MCR2 42 One byte transferred 
3 MCR3 43 One byte transferred 
4 MCR4 44 One byte transferred 
5 Perform 1-4 45 MCR1, MCR2, MCR3, MCR4 
MPI-MAP 1 X Coeff. 61 hO LSB,hO MSB..h7 MSB 
(see Fig. 9) 2 R Coeff. 62 hO LSB,hO MSB..h7 MSB 
3 GX Coeff. 63 LSB, MSB 
4 GR Coeff. 64 LSB, MSB 
5 GER Coeff. 65 LSB, MSB 
6 STG Coeff. 66 LSB, MSB 
7 FTGR1, FTGR2 67 FTRG1, FTGR2 
8 ATGR1, ATGR2 68 ATGR1, ATGR2 
9 MMR1 69 One byte transferred 
10 MMR2 6A One byte transferred 
11 Perform 1-10 6B 46 bytes loaded 1-10 
MPI-DLC 1 FRAR1, 2&3 81 FRAR1, FRAR2, FRAR3 
2 SRAR1, 2&3 82 SRAR1, SRAR2, SRAR3 
3 TAR 83 LSB, MSB 
4 DRLR 84 LSB, MSB 
5 DTCR 85 LSB, MSB 
6 DMR1 86 One byte transferred 
7 DMR2 87 One byte transferred 
8 Perform 1-7 88 14 bytes loaded 1-7 
9 DRCR 89 LSB, MSB 
10 RNGR1 (LSB) 8A One byte transferred 
11 RNGR2 (MSB) 8B One byte transferred 
12 FRAR4 8C One byte transferred 
13 SRAR4 8D One byte transferred 
14 DMR3 8E One byte transferred 
15 DMR4 8F One byte transferred 
16 Perform 12-15 * 90 FRAR4, SRAR4, DMR3, DMR4 
17 ASR 91 One byte transferred 





“Note: LSB=Least Significant Byte; MSB=Most Significant Byte 
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Line Interface Unit (LIU) 


The LIU connects to the four wire ‘S’ interface through a 
pair of isolation transformers, one for the transmit and 
one for the receive direction, as shown in Figure 5. 


The receiver section of the LIU consists of a differential 
receiver, Circuitry for bit timing recovery, circuitry for de- 
tecting high marks and low marks, and a frame recovery 
Circuit for frame synchronization. The receiver converts 
the received pseudo-ternary coded signals to binary be- 
fore delivering them to the other blocks of the 
Am79C30A/32A. It also performs collision detection (E 
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Figure 5. LIU Block Diagram 
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External Interface 


The LIU can be connected to both point-to-point and 
point-to-muitipoint configurations at the CCITT ‘S’ refer- 
ence point. The point-to-point configuration consists of 
one TE connected to the NT or PABX line card. The 
point-to-multipoint configuration can have multiple TEs 
connected to one NT. 


Line Code 


Pseudo-ternary coding is used for both transmitting and 
receiving over the ‘S’ interface. In this type of coding, a 
binary ‘1’ is represented by a space (zero voltage) anda 
binary ‘0’ is represented by a high mark or a low mark. 
Two consecutive binary ‘0’s are represented by alter- 
nate marks to reduce DC offset on the line. A mark fol- 
lowed, either immediately or separated by spaces, by a 
mark of the same polarity, is defined as a code violation. 
Code violations are used to identify the boundaries of 
the frame. | 


Frame Structures 


In both transmit and receive directions, the bits are 
grouped into frames of 48 bits each. The frame structure 
is identical for both point-to-point and point-to-multipoint 
configurations. Each frame transmitted, at 4 kHz, con- 
sists of several groups of bits. 


Multiframing 


If multiframing is enabled, the Am79C30A/32A recog- 
nizes and establishes multiframe synchronization 
based on the monitoring of the FA- (Q-bit control) and 
M- (M-bit control) bits. The Am79C30A/32A also re- 
ceives and compiles S-bits, and transmits Q-bits syn- 
chronized to the received frame. 


Establishment of Multiframe 
Synchronization 


When the ‘enable multiframe synchronization’ bit (bit 0 
of the Multiframe Register) is set and the LIU is in state 
F7, the LIU monitors the FA- (Q-bit control) and M- (M- 
bit control) bits. When three consecutive multiframes 
with the M-bits and FA bits set as defined in Figure 2.4 
are received, the ‘multiframe synchronized’ bit (bit 7 of 
the Multiframe Register) and ‘multiframe change of 
state’ bit (bit 7 of the Multiframe S-bit/Status Buffer) are 
set. Note that S-bit data is received, compiled and trans- 
ferred to the user after attaining synchronization at the 
start of the next multiframe. 


S-bit Reception 


After multiframe synchronization has been requested 
and established, the microprocessor can read the Multi- 
frame S-bit/Status Buffer (MFSB) once the ‘S-data 
available’ bit (bit 5 of MFSB) is set. The ‘S-data avail- 
able’ bit is set to a logical ‘1’ when the Am79C30A/32A 
has received five S-bits (one S-bit per ‘S’ interface 
frame) synchronized to the setting of the FA-bit to a logi- 
cal ‘1’ and transferred them into the MFSB. Once the ‘S- 
bit available’ bit is set, the MFSB must be accessed 
within 1.25 ms or succeeding S-data will be lost. 


Transmission of Q-bits 


The microprocessor can load the Multiframe Q-bit 
Buffer (MFQB) once the ‘Q-bit buffer empty’ bit (bit 6 of 
the Multiframe S-bit/Status Buffer) is set. The ‘Q-bit 
buffer empty’ bit is set to a logical ‘1’ at reset or when 
data that has been written to the Multiframe Q-bit Buffer 
is transferred to the LIU. The ‘Q-bit buffer empty’ bit is 
cleared to a logical ‘0’ when the Multiframe S-bit/Status 
Buffer is read. After multiframing has been requested 
and established, the Am79C30A/32A transfers the data 
written into the Q-bit Register to the LIU synchronized to 
the multiframe irrespective of the receipt of valid Q-con- 
trol bits. If the microprocessor does not reload the Q-bit 
Register for retransmission, the Q-bit pattern is re- 
peated in the next multiframe. 


If multiframing is enabled but multiframe synchroniza- 
tion is not established, the LIU transmits the value 
loaded in MFQB bit 4 in all Q-bits. The default value of 
MFQB bit 4 is a logical ‘0’ which satisfies the CCITT rec- 
ommendations. When synchronization is achieved, the 
contents of MFQB bits 3 to 0 are transmitted according 
to Figure 6. 


Loss of Multiframe Synchronization 


The Am79C30A/32A continuously monitors the FA- (Q- 
bit control) and the M-bits to assure multiframe synchro- 
nization. Once multiframe synchronization is estab- 
lished, multiframe synchronization is lost if three con- 
secutive invalid multiframes are received or the LIU ex- 
its state F7 or multiframing is disabled. When loss of 
multiframe synchronization occurs, bit 7 of the Multi- 
frame Register is set to a logical ‘0’ and bit 7 of the Multi- 
frame S-bit/Status Buffer is set to a logical ‘1’. The 
Am79C30A/32A also terminates the reception of S-bits 
and transmission of Q-bits until multiframing synchroni- 
zation is re-established. 
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LIU Registers 
The LIU contains the following registers: 


Registers No. 


LIU Status Register 

LIU Priority Register 

LIU Mode Registers 

Multiframe Register 

Multiframe S-Bit/Status Register 
Multiframe Q-Bit Buffer 


— =A = A) = — 


LIU Status Register (LSR), Read Onily 
The LSR has the following format: 


Bit Logical ‘1’ 


Mnemonic 


LSR 

LPR 

LMR1, LMR2 
MF 

MFSB 

MFQB 


Generates Interrupt 


2,1,0 Binary values 000 through 110 represent the LIU activation circuitry’s No 


current state (F2 through F8 respectively) Bit 2 is MSB. 


3 Change of state to F3 

4 Change of state from/to F7 
5 Change of state from/to F8 
6 HSW state 

7 HSW change of state 


When the microprocessor reads the LSR bits 3, 4,5, and 
7 are cleared. The other bits retain the current status of 
the LIU. Bits 0 to 2 are defined such that state F2 (see 
CCITT 1.430 state matrix tables) is coded as 0, F3 as 1, 
F4 as 2, and so on, where bit 0 is the LSB. The LIU inter- 
rupts the microprocessor via bit 4 of the LSR when acti- 
vation has been achieved (that is, when the LIU moves 
to state F7 upon receipt of INFO 4). During reset the 
LSR is zero. Subsequent to removing the reset, the 
Am79C30A/32A goes to state F2 and reflects the condi- 
tion of the HSW as well as the condition of ‘S’ interface 
after the receiver has been enabled. 


LIU D-channel Priority Register (LPR), Read/Write 


The LPR contains the priority level for D-channel 
access. Its default value after reset is zero. 


The D-channel access procedure of the 
Am79C30A/32A uses the priority level programmed in 
the LPR. The priority mechanism defined by the CCITT 
I-series recommendations is fully implemented if the 
LPR is programmed via the microprocessor to conform 
to the priority class of the layer 2 frame to be transmitted. 


if LMR2 bit 3 = 1 
If LMR2 bit 6 = 1 
If LMR2 bit 4 = 1 
No 

If LMR2 bit 5 = 1 


The LPR has 16 possible programmable priority levels. 
The priority levels are numbered from 0 to 15. Priority 
level 0 corresponds to counting 8 ones in the echo 
channel, priority level 1 corresponds to counting 10 
ones in the echo channel, and priority level 2 corre- 
sponds to counting 12 ones, etc. The DSC automatically 
handles transitions between the programmed priority 
level “n” and the associated odd value n + 1. The priority 
is incremented following a successfully transmitted 
packet, and decremented when the higher count has 
been satisfied. 


The LPR has the following format: 


Bits Description 
3,2,1,0 D-Channel access priority level. 
Bit 0 is LSB. 


7,6,5,4 Not used, read logical ‘0’ 
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LIU Mode Register (LMR1), Read/Write 
LMR‘1 is defined as follows: 


Bit Logical ‘1’ 


Enable B1 transmit 

Enable B2 transmit 
Disable F transmit 

Disable FA transmit 
Activation request 

Go from F8 to F3 

Enable receiver/transmitter 
Not used, reads logical ‘0 ’ 


NOoh ON O 


The F and FA bits in LMR1 (bits 2 and 3) should be en- 
abled during the activation procedure so that the 
Am79C30A/32A can respond with INFO 3. 


LMR1 bit 4 is used to transfer the signals ‘PH-AR’ and 
‘Expiry of Timer’ from the microprocessor to the LIU 
(see CCITT 1.430 state diagram — activation request). 
‘PH-AR’ is defined as bit 4 being a logical ‘1’ and ‘Expiry 
of Time’ is defined as the transition of bit 4 from a logical 


LIU Mode Register 2 (LMR2), Read/Write 
LMRz2 is used to select the following operations: 


Bit _—_ Logical ‘1’ 


D-channel loopback at Am79C30A/32A enable 
D-channel loopback at LIU enable 

D-channel back-off disable 

F3 change of state interrupt enable 

F8 change of state interrupt enable 

HSW interrupt enable 

F7 change of state interrupt enable 

Not used, reads logical ‘0’ 


NOOO GOD = © 


The three D-channel loopback controls defined in LMR2 
bits 0,1,and 2 are explained below: 


Bit 0, D-channel loopback at Am79C30A/32A enable: 


Am79C30A 


NT/PABX 





09456-4A 


This remote loopback is provided for maintenance pur- 
poses from the NT’s perspective. The NT transmits D- 
channel bits to the Am79C30A/32A where they are in- 
ternally looped (with the Data Link Controller) and trans- 
mitted back to the NT. The incoming D-channel data can 
be accessed by the microprocessor; however, the mi- 


Logical ‘0’ (default value) 


Disable B1 transmit 
Disable B2 transmit 

Enable F transmit 

Enable FA transmit 

No activation request 

No transition 

Disable receiverAransmitter 
Not used, reads logical ‘0’ 


‘1’ to a logical ‘0’. This bit must not be set until the LIU, as 
reflected in the LSR, is in state F3, F6 or F7 and the re- 
ceiver has been enabled for a minimum of 250 us. 


LMR1 bit 6 is primarily used to disable the receiver when 
the terminal does not require access to the ‘S’ interface 
signals. This bit is cleared by reset and must be written 
to logical ‘1’ in order to receive activation from the ‘S’ in- 
terface, or to request activation. 


Logical ‘0’ (default value) 


D-channel loopback at Am79C30A/32A disable 
D-channel loopback at LIU disable 

D-channel back-off enable 

F3 change of state interrupt disable 

F8 change of state interrupt disable 

HSW interrupt disable 

F7 change of state interrupt disable 

Not used, reads logical ‘0’ 


croprocessor cannot send data on the outgoing 
D-channel. 


Any difference between the transmitted D-channel bits 
and the received E-channel bits to/from the 
Am79C30A/32A (normally detected as an error which 
halts the transmission) is ignored thereby allowing the 
transmission to continue. 


Bit 1, D-channel loopback at LIU enable: 


Am79C30A NT/PABX 


MPI 09456A-5 


This local loopback is provided for local testing. Data on 
the incoming D-channel is ignored. The data from the 
microprocessor is processed by the DLC and then 
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looped back to the microprocessor in addition to being 
output to the ‘S’ interface. The looped back data stream 
is processed by the DLC. 


Bit 2, D-channel back off disable: 


Am79C30A NT/PABX 


09456-6A 


Multiframe Register (MF), Read/Write 


Bit —_ Logical ‘1’ 


Enable multiframe synchronization 

Enable ‘S-data available’ interrupt 

Enable ‘Q-bit buffer empty’ interrupt 

Enable ‘Multiframe change of state’ interrupt 
5,4 Not used, read logical ‘0’ 

Multiframe synchronized (read only ) 


NOON =O 


Multiframe S-bit/Status Buffer (MFSB), Read Only 


w 
‘ae 
onde 


Description 


S1 

$2 

$3 

S4 

$5 

S-data available 

Q-bit buffer empty 
Multiframe change of state 


NOOR WOM —-~O 


The MFSB is cleared when read or upon reset. 


Multiframe Q-bit Buffer (MFQB), Write Only 


Bit Description 

0 Q1 (default = 1) 
1 Q2 (default = 1) 
2 Q3 (default = 1) 
3 Q4 (default = 1) 
4 

5,6,7 Not used 


This loopback is provided for maintenance purposes 
from the TE’s perspective. The Am79C30A/32A trans- 
mits D-channel bits to the NT where they are looped and 
transmitted back to the Am79C30A/32A in the E-chan- 
nel. The operation is normal except differences between 
the D- and E-channels do not halt the transmission. 


Logical ‘0’ (Default value) 


Disable multiframe synchronization 
Disable interrupt 

Disable interrupt 

Disable interrupt 

Not used, read logical ‘0’ 

Multiframe not synchronized (read only) 


Generates Interrupt 


if MF bit 1 = 1 
lf MF bit 2 = 1 
lf MF bit 3 = 1 


Q-bit value when multiframing enabled but synchronization not achieved (default = 0) 
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S-Bit Channel Structure 


Frame NT-to-TE NT-to-TE NT-to-TE 























Number Q Control Bit (F/A) M Bit (M) S Bit (S) 
1 One One SCi1 
2 Zero Zero SC21 
3 Zero Zero SC31 
4 Zero Zero SC41 
5 Zero Zero SC51 
6 One Zero $Ci2 
7 Zero Zero SC22 
8 Zero Zero SC32 
9 Zero Zero $C42 
10 Zero Zero SC52 
11 One Zero $C13 
12 Zero Zero $¢23 
13 Zero Zero $C33 
14 Zero Zero $043 
15 Zero Zero $053 
16 One Zero $014 
17 Zero Zero SC24 
18 Zero Zero $034 
19 Zero Zero $044 
20 Zero Zero SC54 
1 One One SCil 
Zero Zero SC21 
etc. 
Frame NT-to-TE TE-to-NT NT-to-TE 
Number Fa Bit (Q Control Bit) Fa Bit (Q Bit) M Bit (M Bit) 
1 One Q1 One 
2 Zero Zero Zero 
3 Zero Zero Zero 
4 Zero Zero Zero 
5 Zero Zero Zero 
6 One Q2 Zero 
7 Zero Zero Zero 
8 Zero Zero Zero 
9 Zero Zero Zero 
10 Zero Zero Zero 
11 One Q3 Zero 
12 Zero Zero Zero 
13 Zero Zero Zero 
14 Zero Zero Zero 
15 Zero Zero Zero 
16 One Q3 Zero 
17 Zero Zero Zero 
18 Zero Zero Zero 
19 Zero Zero Zero 
20 Zero Zero Zero 

1 One Q1 One 

2 Zero Zero Zero 


Figure 6. Multiframe Structures 
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Multiplexer (MUX) 


The MUX connects to the Line Interface Unit (LIU), the 
Main Audio Processor (MAP), the Microprocessor Inter- 
face (MPI) and the Serial Port (SP). 


The MUX selectively routes the 64 kbps full duplex B- 
channels of the LIU, MAP, SP, or MPI to the appropriate 
destinations depending on the control bits set in the 
MUX control registers. The D-channel data is routed to 
the DLC directly from the LIU and does not pass through 
the MUX. 


Serial Port External Interface 


The MUX has a serial port (SP) external interface pro- 
viding three full duplex 64 kbps B-channels Bd, Be, and 
Bf. The timing forthe SP is shown in Figure 7. The signal 
names for the SP pins are: 


Pin Description 


SCLK Serial Clock (192 kHz) 

SFS Serial Frame Sync. 

SBOUT _ Serial data out (the MSB is transmitted first) 

SBIN Serial data in (the MSB is expected to be 
received first) 


The SCLK and SFS signals are synchronized to the re- 
ceived ‘S’ interface frame. If there is no ‘S’ interface 
frame synchronization, the SCLK and SFS signals are 
free running at 192 kHz and 8 kHz respectively. 


MUX Internal Interface 


The logical channels available at the MUX are shown in 
Figure 8. They are: 


From/to the LIU channels B1 and B2 
From/to the MAP channel Ba 

From/to the MPI channels Bb and Bc 
From/to the SP channels Bd, Be and Bf 


For any specific application, the MUX can be pro- 
grammed by the microprocessor to route any three B- 
channel ports to any other three B-channel ports. Pro- 
grammable bidirectional bit reversal is provided for both 
of the MPI data channels Bb and Bc. 


MUX Control Registers 1, 2, and 3 (MCR1, 
MCR2 & MCR3), Read/Write 


The MUX can support three bidirectional paths. The 
contents of the MUX Control Registers MCR1, MCR2, 
and MCR3 direct the flow of data between the eight 
MUX logical B-channels (See Figure 8). These three 
MCRs are programmed to connect any two B-channel 
ports together by writing the appropriate channel code 
into an MCR. These MCRs have the same format, 
where bits 7 to 4 indicate port 1 and bits 3 to 0 indicate 
port 2. In each of these three MCR registers the follow- 
ing channel codes are used for both ports 1 and 2: 


MCR Register Channel Codes 


Code Channel 

0000 No connection (default value) 
0001 B1 (LIU) 

0010 B2 (LIU) 

0011 Ba (MAP) 

0100 Bb (MPI) 

0101 Bc (MPI) 

0110 Bd (SP channel 1) 

0111 Be (SP channel 2) 

1000 Bf (SP channel 3) 


For example, to connect B1(LIU) with Bb (MPI) and B2 


(LIU) with Ba (MAP), the contents of the MCRs would 
be: 


Register Portt / Port2 Channel connection 


76543210 
MCR1 00010100 B1 (LIU)<—>Bb (MPI) 
MCR2 00100011 B2(LIU)<—>Ba (MAP) 
MCR3 00000000 Noconnect<->No connect 


Therefore, in this example, MCR1 provides a data link 


fromthe ‘S’ interface and MCR2 sets up a voice connec- 
tion across the ‘S’ interface. 


To loopback a channel, the same channel code is used 
for port 1 and port 2. For example, to loopback B1, B2 
and Ba the MCRs would be: 


Register Port1/ Port2 Channel connection 
76543210 

MCR1 00010001 8B1 (LIU) Loopback 

MCR2 00100010 B2 (LIU) Loopback 

MCR3 00110011 Ba(MAP) Loopback 


MCR3 has higher priority than MCR2 which has higher 


priority than MCR1. If multiple connections are made to 
the same port, the data from the connecting ports in the 
highest priority MCR will overwrite the data from the 
connecting port in the lower priority MCR, for example: 


Register Porti / Port2 Channel connection 


7654 3210 
MCR1 00000000 +3#£42Noconnect 
MCR2 00010100 ~~ B1 (LIU)<—>Bb (MPI) 
MCR3 01000011 Bb (MPI)<—>Ba (MAP) 


The final data transfers are: 


B1 (LIU) receives Bb (MPI), 
Ba (MAP) receives Bb (MPI), 
Bb (MPI) receives Ba (MAP). 


Therefore, the data transfer from B1(LIU) to Bb(MPI) is 
lost in the arrangement proposed in MCR2. 
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MUX Control Register 4 (MCR4), Read/Write 


The MUX Control Register 4 (MCR4) can prevent interrupt generation re masking the output of IR bit 4. MCR4 has the 
following format: 








Bit Logical ‘1’ Logical ‘0’ (default value) 

2,1,0 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’ 

3 Enable ‘Bb or Bc channel byte available’ interrupt (IR bit 4) Disable interrupt 

4 Reverse bit order of Bb (LSB transmitted/received first) No Bb bit reversal (MSB transmitted/received first) 
5 Reverse bit order of Bc (LSB transmitted/received first) No Bc bit reversal (MSB transmitted /received first) 
6 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’ 

7 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’ 





—| | 5.2 usec 


SCLK 






192 kHz 


07 Ds Ds Da Be Dp Dr DojDy Dg Ds Dy 5 De D1 By 


be 


SFS 


09456-—7B 


Note: SBIN is sampled on the rising edge of SCLK, SBOUT is changed on the falling of SCLK. 


Figure 7. Serial Port Timing 
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SERIAL PORT 








“* Bi 





B~CHANNEL 
FLOW CONTROL 


Be LIU 





LEVEL 1 
D-CHANNEL 
CONTROL 


Bb Bc DLC 


~~ 


MPI 09456A-—8 


Figure 8. MUX Logical Channels and D-Channel Microprocessor Access 
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Main Audio Processor (MAP) 
(Am79C30A Only) 


This block performs the digital-to-analog (DAC) and 
analog-to-digital (ADC) conversions of the audio sig- 
nals. The codec and filter functions are implemented us- 
ing digital signal processing techniques to provide sub- 
stantial flexibility and programmability. Analog inter- 
faces are provided for a handset earpiece, a handset 
mouthpiece, a microphone and a loudspeaker. The 
MAP contains the following programmable, user acces- 
sible features: 


Multl-Tone Generator 


This generator can be used to generate a signal consist- 
ing of one or two tones where the frequency and ampli- 
tude of the tone is programmable. The tone(s) can be 
summed into the transmit (and sidetone) path for use as 
a DTMF tone generator, or single tones can be injected 
into the receive path. The tones can be used as ringing 
tones (to the loudspeaker output), dial tones, busy 
signals, ringback tones or other call progress tones. 


Two Attenuation Distortion Correction Filters 


There is one attenuation distortion correction filter in the 
transmit path and one in the receive path. These filters 
can be programmed to modify the frequency character- 
istics of the transmit or receive paths and to equalize for 
the characteristics of the microphones, earpiece 
speaker, or loudspeaker. They can also be used to add 
pre and/or post emphasis to make the signals match 
other characteristics. 


Three Programmable Gain Stages 


There is one gain adjustment in the transmit path and | 
two in the receive path to provide a wide range of gain 
control. 


Programmable Sidetone Gain 


There is a built-in sidetone path which samples the 
transmit signal, attenuates it by a programmable 
amount, then sums it into the receive path. 
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External Interface 
Audio Input Port 


The audio input port consists of two inputs (AINA and 
AINB) selectable, one at a time, by setting a bit in the 
MAP Mode Register 2, (MMR2 bit 0). Signals applied to 
these inputs must be referenced to AREF. 









Earpiece and Loudspeaker Drivers 


Each driver consists of push-pull amplifiers with a low 
impedance output. Either of these audio output ports 
can be selected, one at a time, via MMR2 bit 1. 





CAP, a 
CAP, © 
Ba channel 
AINA==® . 4 = 
: * * * To 
ee Apc | DECIMATORS, BPF__ COMP*> 1°. 
< ' Digital : | Transmitter 
; e 
’ (A) | DTMF : Receiver 
: GEN. | ‘ 
¢ é ft] 
eoeoq®?e@ee @ ee 
EAR | 
canso at —_—— | ee ol Ba channel 
LS, 4 f | _ 
LS5 
MINIMUM DEFAULT MAXIMUM STEP 
GX OdB + 0dB 12dB  0.5dB 
GER -10dB * 0dB 18dB  0.5dB 
GR -12dB ** 0dB O0dB  0.5db 
STG -18dB ** —18dB O0dB 0.5dB 
“Programmable 
**These registers can also be programmed for inifinite attenuation 09456-31B 
to break the signal path if desired. 
Figure 9. Main Audio Processor Block Diagram 
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Signal Processing 
Transmitter 


The transmitter performs a series of operations as de- 
scribed below: 


a) An ADC converts the incoming analog signal at a 
sampling rate of 512 kHz. 


b) The Band Pass Filter and a series of decimators 
reject DC and 50 to 60 Hz line frequencies while 
reducing the sampling rate to 8 kHz. 


c) The X filter is an 8-tap user programmable filter for 
tuning the microphone. The default is flat with unity 
gain. 


d) The GX filter is a programmable gain filter that al- 
lows the user to program a gain of 0 to +12. dB in0.5 
dB steps. The default value is 0 dB. 


e) The p-law or A-law digital compression algorithm 
converts the linear output of the GX filter to p- or A- 
law code. The default algorithm is p-law code. The 
MSB (sign bit) is transferred first to (or from) the 
MUX. 


Receiver 

The receiver performs a series of operations as 
described below: 

Tone Generators 


The MAP contains three tone generators which can be 
enabled via MAP Mode Register 2 bits 2, 3 and 4. Only 
one of the three tone generator bits in the register can be 


Tone Generator 


a) An expander converts the input A- or p-law data to 
digital linear data. The most significant bit is trans- 
ferred from the MUX first. The default value is p1-law. 


b) The GR filter is a programmable gain filter that al- 
lows the user to program again of -12 to 0 dB in 0.5 
dB steps. The default value of GR is 0 dB. 


c) The GER and Sidetone Gain (STG) are program- 
mable constant multipliers which allow the user to 
program a gain of —10 to +18 dB in 0.5 dB steps 
(default value 0 dB) and —18 to OdB in 0.5 dB steps 
(default value —18 dB) respectively. The GER pro- 
vides volume control (that is, for the hearing im- 
paired) and should be programmed to 0 dB for nor- 
mal operation. The sidetone gain path provides 
feedback from the transmitter. 


d) TheR filter is provided to correct for speaker attenu- 
ation distortion and is a user programmable filter 
similar to the X filter in the transmitter. 


e) Aseries of interpolators increases the sampling fre- 
quency. 


f) A DAC converts the digital signal to the analog 
audio output signal. 


set at a time. If more than one bit is set, all three bits are 
considered set to zero and tone generation is disabled. 
The tone generators are: 


Purpose of Tone Generator 





DTMF Generator 


Provides tone injection at a sampling rate of 32 kHz into the transmit and sidetone paths 


(Figure 9 Block A). The DTMF frequencies generated are guaranteed to +1.2% deviation. 


Tone Generation 
(Figure 9 Block B). 


Tone Ringer 
(Figure 9 Block C). 


Provides call progress tones to the receive path where it is added to the incoming speech 


Provides tone alert signals output through the receive path to the loudspeaker or earpiece 





To program the DTMF tone generators, two frequency 
values and two amplitude values must be written to the 
two 8-bit Frequency Tone Generator Registers 
(FTGR1, FTGR2) and the two 8-bit Amplitude Tone 
Generator Registers (ATGR1, ATGR2) respectively. 


The Tone Generator and the Tone Ringer use the fre- 
quency programmed in FTGR1. The Tone Generator 
uses the amplitude programmed in ATGR1 while the 
Tone Ringer uses the amplitude programmed in 
ATGR2. 
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The FTGR codes to obtain DTMF dialing output frequencies are: 


| 


The output frequency of the DTMF tone generator approximately equals (1000 e i) / 128, where i is the value loaded in 
the FTGR register. This allows the DTMF generator to supply common dual tone call progress signals such as Busy or 


Dial tones. 


FTGR 2 or 1 
HEX REG VALUE -———> 


FTGR codes to obtain Tone Ringer and Tone Generator output frequencies are: 


Frequency (Hz) 


2666 
2000 
1600 
1333 
1142 
1000 
889 
800 
727 
667 
615 
571 


Tone Ringer and Tone Generator Frequency Coefficients 


Hex Code 


AB 
81 
67 
56 
4A 
41 


Frequency (Hz) 


533 
500 
471 
444 
421 
400 
381 
364 
348 
333 
320 


The ATGR registers allow the user to program a gain of 
~18 dB to 0 dB in 2 dB steps. Example ATGR codes to 
obtain amplitude gains are listed in the following table. 
0 dB implies a level of +3 dBm0. The gain values are 
rounded off to the nearest 1 dB. 


Gain (dB) 


~18 
-—§ 

~14 
-12 
~10 
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Hex Code 


23 
21 

1F 
1D 
1B 
1A 
19 
18 
17 
16 
15 


Amplitude Gain Coefficients 


Hex Code 


37 
32 
31 
27 
22 


Gain (dB) 


-8 
~6 
| 
-2 
0 


Hex Code 


21 
20 
12 
11 
10 
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Programmable Gain Coefficients 


The GER, GR, GX and Sidetone gain coefficients are 
each 16 bits in length. Two consecutive register loca- 
tions correspond to one gain coefficient. The LSB is 
transferred first to (or from) the microprocessor. Care 
should be taken to minimize the number of times GX, 


GR, X, R, STG, and GER are accessed during a phone 
call, to reduce interference with MAP calculations. Ex- 
ample coefficients for the GER filter are listed in the fol- 
lowing table. The gain values are rounded off to the 
nearest 0.1dB. 





GER Gain Coefficients 
Gain Hex Code .—— Gain Hex Code 
(dB) MSB LSB (dB) MSB LSB 
—10.0 AA AA 4.0 31 DD 
~9.5 9B BB 4.5 44 1F 
—9.0 79 AC 5.0 43 1F 
-8.5 09 9A 5.5 33 1F 
-8.0 At 99 6.0 40 DD 
-7.5 31 99 6.5 11 DD 
-7.0 9C DE 7.0 44 OF 
6.5 9D EF 7.5 A1 1F 
—6.0 74 9C 8.0 31 1F 
—5.5 54 9D 8.5 55 20 
—5.0 6A AE 9.0 * 10 DD 
—4.5 AB CD 9.5 42 11 
—4.0 AB DF 10.0 41 OF 
~3.5 74 29 10.5 11 1F 
-3.0 64 AB 11.0 60 0B 
~2.5 6A FF 11.5 00 DD 
—2.0 2A BD 12.0 42 10 
—1.5 BE EF 12.5 40 OF 
-1.0 5C CE 13.0 11 OF 
-— 5 75 CD 13.4 22 10 
0.0 00 99 14.0 72 00 
5 55 4C 14.5 42 00 
1.0 43 DD 15.0 21 10 
1.5 33 DD 15.5 10 OF 
2.0 52 EF 15.9 22 00 
2.5 77 1B 16.6 11 10 
3.0 55 42 16.9 00 OB 
3.5 41 DD 17.5 21 00 
18.0 00 OF 


The coefficient 0008 provides an attenuation of infinity wnen GER gain is enabled. 





1-32 Am79C30A/32A 


Example coefficients for the GR, GX, and STG filter are STG Gain Coefficients 





listed in the following table. The gain values are rounded Gain x 
Off to the nearest 0.1 dB (dB) MSB LSB 
~18.0 8B 7C 
GX Gain Coefficients ~17.5 8B 44 
Gain _____Hex Code __ ~17.0 8B 35 
(dB) MSB LSB -16.5 8B 2A 
oS es | ICO 8B 24 
se 08 08 ~15.5 8B 22 
0.5 4c B2 ~15.0 91 23 
1.0 3D AC ~145 91 2E 
ee sa ES -14.0 1 2A 
2.0 25 33 ~13.5 91 32 
2.5 22 22 ~13.0 91 3B 
a ot 22 ~12.5 91 4B 
gh 1F D3 ~12.0 91 F9 
Boe 12 A2 =115 91 Cs 
= ie Lh -11.0 91 BG 
5.0 11 3B ~10.5 92 12 
> 0B C3 ~10.0 91 A4 
20 10 F2 ~9.5 92 22 
SS 03 BA ~9.0 92 32 
7.0 02 CA 8.5 92 FB 
8.0 01 SA -75 93 27 
soe o1 22 -7.0 93 B3 
oo 01 12 6.5 94 B3 
9.5 00 EC 6.0 OF 91 
oe oe 32 55 9C EA 
> 00 21 5.0 9B F9 
ie 00 13 4.5 9A AC 
11.5 00 1 6 ar 7 
12.0 00 OE ae me ie 
GR Gain Coefficients oe a = 
aan ~~. —Hex Code ___ ~2.0 AA A3 
(dB) MSB LSB te oe fr 
12.0 91 F9 Bie a 52 
~11.5 91 C5 me — a 
0.0 08 08 
~11.0 91 B6 
Boe ee - The coefficient 9008 provid ion of infini 
10.0 94 Ad provides an attenuation of infinity 
95 92 99 when GR, GX, and/or STG are enabled. 
~9.0 92 32 
8.5 92 FB 
~8.0 92 AA 
-7.5 93 27 
~7.0 93 B3 
6.5 94 B3 
~6.0 OF 91 
~5.5 9C EA 
5.0 9B FQ 
4.5 9A AC 
4.0 9A 4A 
-3.5 A2 22 
~3.0 A2 A2 
-2.5 AG 8D 
-2.0 AA A3 
~1.5 B2 42 
~1.0 BB 52 
~0.5 CB B2 
0.0 08 08 
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Programmable Filter Coefficients and 
Equations 


The frequency domain transfer function equation forthe 
X and R filters is : 


hy = No + hyz7! + hoz? + haz? hyz~* + Nez + Nez + Nz” 


where: 
Z = COS (WT) +i ¢ sin(wT) 


j= (-1) 
w = frequency of input signal in Hz e 2pi 
T = sample period in seconds (0.125 ms) 
hj (j = 0,1,...7) = user defined coefficients 
Each hj coefficient is defined by the following equation: 


hj = A3 (1 + A2 (1+ A1 (1+A0))) 


where each hj Coefficient Register pair has the following 
format: 


Byte 7 654 3 210 
LSB S1 M1 SO Mo 
MSB $3 M3 S2 M2 


and Ai = -1%2™'  (j=0,1,2,3). The X and R filter coeffi- 
cients are programmed using a 16 byte transfer with the 
following format: 


Byte Value 
0 ho LSB 
1 ho MSB 
2 hi LSB 
3 hi MSB 
4 h2 LSB 
5 h2 MSB 
6 h3 LSB 
7 h3 MSB 
8 h4 LSB 
9 h4 MSB 

10 h5 LSB 
11 h5 MSB 
12 hé6 LSB 
13 hé6 MSB 
14 h7 LSB 
15 h7 MSB 


AmMAP, a software package which calculates X and R filter 
coefficients, is available from Advanced Micro Devices. 
Overflow/Underflow Precautions when 
Using Programmable Gains 


Care must be taken such that at any point in the signal 
processing path, the combination of gains and filters 


and/or tones does not result in a signal that is larger than 
full scale. Full scale is defined as the digital representa- 
tion of the maximum analog signal which is allowed into 
the transmitter or out of the receiver with all filters and 
gain stages at their default (0 dB) settings (for example, 
in A-Law, the transmitter full scale is + 1.25 Vp and the 
receiver full scale is +2.5 Vp). Likewise, it is desirable 
that the peak signal be kept as close to full scale as pos- 
sible at any point in the signal processing path in order to 
minimize digital truncation effects in the A/D, D/A and 
MAP DSP. 


Consider the following example: STG is programmed 
for infinite attenuation, GR is programmed to -6 dB 
while GER is programmed to +12 dB and the R filter is 
programmed such that it exhibits a net gain of —6 dB. As- 
sume that the analog full scale out of the receiver is 
+2.5 Vp and that a full scale PCM code is possible from 
the MUX. After GR, the equivalent analog signal would 
be 2.5/2 = +1.25 Vp. However, after GER the signal 
would be 1.25¢ 4 or +5 Vp. Even though the R filter 
would have a net gain of —6 dB, the signal would have 
clipped after GER and the signal would be distorted for 
PCM codes between full scale and 6 dB below full scale 
because of the intermediate result at the output of GER. 


Care should also be taken when programming the tone 
ringers/generators. For example if one of the DTMF 
tones is programmed to 0 dB, atone is generated which 
is equivalent to a + full scale signal in the transmit path. 
This means that there is no headroom left for the other 
DTMF tone. Therefore, the DTMF generator should 
never be programmed in such a way as to exceed full 
scale if signal quality is to be maintained. In the receive 
path, similar caution should be exercised in order to pre- 
vent the combination of Tone Generator, Side Tone, 
GR, and GER from clipping the signal. 


Test Facilities 


Two test/maintenance facilities, MAP Analog Loopback 
and MAP Digital Loopback, are provided to diagnose 
the MAP functions. 


MAP Analog Loopback 


This test enables the monitoring of the analog output 
(EAR1/EAR2 or LS1/LS2) and the analog input (AINA or 
AINB). Signals sentin on AINA or AINB are sent back on 
EAR1/EAR2 or LS1/LS2 via the MUX. The MUX must 
be set up for Ba to Ba loopback by writing 33 Hex to 
MCR1, 2 or 3. No other Ba connections should be pro- 
grammed. 


MAP Digital Loopback 


The digital portion of the MAP can be tested from the ‘S’ 
interface or the microprocessor by setting bit 7 of MAP 
Mode Register 1 to a logical ‘1’. With this option enabled 
the data is taken out of the interpolator and fed as the 
input to the decimator, in place of the output of the ADC. 
It should be noted that in digital loopback, the D to Dgain 
is approximately 2.5 dB. 
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MAP Registers 


The MAP contains the following byte wide programma- 
ble registers: 


MAP Registers No. Mnemonic 


X Filter Coefficient Registers 16 X 

R Filter Coefficient Registers 16 R 

GX Gain Coefficient Registers 2 GX 
GR Gain Coefficient Registers 2 GR 
GER Gain Coefficient Registers 2 GER 
Sidetone Gain Coefficient Registers 2 STGR 
Frequency Tone Generator Registers 2 FTGR 
Amplitude Tone Generator Registers 2 ATGR 
MAP Mode Registers 2 MMR 


Note: It is necessary to complete any transfers to the multi- 
byte MAP registers; for instance, a total of 16 bytes must be 
transferred to update the X-filter. 


Following power-up, all MAP registers, except the two 
FTGR registers and the two MAP mode registers, con- 


MAP Mode Register 1 (MMR1), Read/Write 


w 
ae 
oo 


Logical ‘1’ 


A-Law 

GX coefficient loaded from register 

GR coefficient loaded from register 

GER coefficient loaded from register 

X coefficient loaded from register 

R coefficient loaded from register 

Sidetone gain coefficient loaded from register 
Digital loopback at MAP enabled 


NOOO pONM =O 


tain unknown values. Only the FTGR registers and the 
MMR registers reset to “O” HEX. All other registers inthe 
MAP (X, R, GX, GR, GER, ATGR, and STG) are not af- 
fected by reset and must be programmed via the micro- 
processor before being enabled. When the registers are 
disabled, or after reset, the MAP will have the following 
responses: 


Fliter Default Response 
X Filter Disabled (0 cB, Flat) 
R Filter Disabled (0 dB, Fiat) 
GX Filter Disabled (0 dB, Gain) 
GR Filter Disabled (0 dB, Gain) 
GER Filter Disabled (0 dB, Gain) 


Sidetone gain Disabled (—18 dB, Gain) 

The bits in the MAP Mode Register define the enable/ 
disable options for the various MAP configurations as 
follows: 


Logical ‘0’ (default mode) 


p-Law 

GX bypassed; gain =0 dB 

GR bypassed; gain =0 dB 

GER bypassed; gain =0 dB 

X bypassed; response = flat 

R bypassed; response = flat 

STG gain =-—18 dB" 

Digital loopback at MAP disabled 


“To remove the sidetone path completely, it is necessary to enable the STG function by setting MMR1 bit 6 to ‘1’, and program the 


STGR coefficient to 9008 (Hex) 
MAP Mode Register 2 (MMR2), Read/Write 


Bit Logical ‘1’ 


0 AINB selected 

1 LS1/LS2 selected 

2 DTMF enabled 

3 Tone generator enabled 

4 Tone ringer enabled 

5 High pass filter disabled 

6 ADC auto-zero function disabled 
7 Reserved, must be logical ‘0’ 
Note: 


Logical ‘0’ (default mode) 


AINA selected 

EAR1/EAR2 selected 

DTMF disabled 

Tone generator disabled 

Tone ringer disabled 

High pass filter enabled 

ADC auto-zero function enabled 
Reserved, must be logical ‘0’ 


For most applications, MMR2 bits 5 and 6 should always be written to logical ‘0’. This enables the 50-60 Hz rejection filter 


and the internal offset cancellation circuits to operate normally. They can both be disabled when system or test conditions 
require that DC or low frequency signals be transmitted. 
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Data Link Controller (DLC) 


A 16 kbps D-channel is time multiplexed within the 
frame structure of the ‘S’ interface. The data carried by 
the D-channel is encoded using the Link Access Proto- 
col D-channel (LAPD) format shown in Figure 10. The 
D-channel can be used to carry either end-to-end sig- 
naling or slow speed packet data. Further information 
concerning the LAPD protocol can be found in CCITT 
recommendations. The LIU controls the multiplexing 
and demultiplexing of the D-channel data between the 
‘S’ interface and the DLC. 


The DLC performs processing of level 1 and partial level 
2 LAPD protocol including flag detection and genera- 


D-channel Processing 


tion, zero deletion and insertion, Frame Check Se- 
quence (FCS) processing for error detection, and some 
addressing capability. High level protocol processing is 
done by the external microprocessor. The microproces- 
sor may process the address field in the LAPD frame de- 
pending on the programmed state of the DLC. The 
status of the DLC is held in the status registers and rele- 
vant interrupts are generated under user program con- 
trol. The DLC also contains a 16-bit pseudo-random 
number generator (RNG) which is used in the D-channel 
address allocation procedure as defined in the CCITT 
recommendations, as well as two 8-byte data FIFO’s. 





eo 


FLAG ADDRESS CONTROL FCS FLAG 
01111110 16-BITS 8-BITS 16-BITS 01111110 
1 x 2,3 ” 4 5,6 7 





OCTET 





OCTET 


Notes: EA= Address Field Extension Bit 
C/R = Command/Response Field Bit 
SAPI = Service Access Point Identifier 
TE! = Terminal Endpoint Identifier 
FCS = Frame Check Sequence 


FLAG ADDRESS CONTROL INFORMATION FCS FLAG 
01111110 16—-BITS 8-BITS N-BITS 16—BITS 01111110 
1 - 2,3 4 Si N-1 N 


Minimum Packet 


General Packet 


09456-34B 


Figure 10. Level Two Frame Structure Formats 
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Random Number Generator (RNG) 


The RNG is accessible by the microprocessor and oper- 
ates in the following manner: 


On the low to high transition of the reset signal the RNG 
is cleared, then started. The RNG stops when the LSB 
or MSB of the 16-bit counter is read by the microproces- 
sor or when the MSB is loaded by the microprocessor. 
Writing to the MSB of the counter loads this byte but 
does not start the RNG. The RNG starts when the LSB 
of the counter is loaded by the microprocessor. 


Frame Abort 


The DLC aborts an incoming D-channel frame upon the 
reception of seven contiguous logical ‘1’s. When this oc- 
curs, an end of receive packet interrupt is issued to the 
processor. DER bit 0 is set to a logical ‘1’ when the last 
byte of the aborted packet is read from the D-channel 
Receive Buffer. The ‘Receive Abort’ interrupt can be 
masked by setting DMR2 bit 0 to a logical ‘0’. With the 
exception of the ‘Packet reception in progress’ bit, no 
other bits associated with packet reception are updated 
after a receive packet abort. The receive frame can be 
aborted at any time by setting INIT bit 6 to logical ‘1’. 
Similarly, the transmit frame can be aborted by setting 
INIT bit 7 to a logical ‘1°. When the transmit frame is 
aborted, seven consecutive ones are transmitted on the 
‘S’ interface followed by a logical ‘0’ and DSR1 bit 7 is set 
to a logical ‘1’. Seven consecutive ‘1’s followed by a ‘0’ 
will continue to be transmitted as long as INIT bit 7 is set 
to a ‘1’. DSR1 bit 7 will be set after each sequence of 
seven consecutive 1’s followed by a ‘0’. 


Level Two Frame Structure 


The D-channel level two frame structure conforms to 
one of the formats shown in Figure 10. All frames start 
and end with the flag sequence consisting of one ‘0’ fol- 
lowed by six ‘1’s followed by one ‘0’. Apacket consists of 
a level two frame minus the flag bytes. The LSB is trans- 
mitted first for all bytes except the FCS. 


The flag preceding a packet is defined as the opening 
flag. Therefore, the byte following an opening flag, by 
definition, cannot be an abort or another flag. A closing 
flag is defined as a flag that terminates a packet. This 
flag can be followed by another flag(s), interframe fill 
consisting of all ones or flags, or the address field of the 
next packet. In the latter case, the closing flag of one 
packet is the opening flag of the next packet. The DLC 
receiver is able to recognize interframe fill consisting of 


logical ones or flags. The DLC transmitter follows the 
closing flag with interframe fill consisting of all ones if 
mark idle is selected by setting DMR4 bit 4 to a logical ‘0’ 
(thereby satisfying the D-channei access protocoi de- 
fined in the CCITT I-series recommendations) or con- 
tinuous flags if flag idle is selected by setting DMR4 bit 4 
to a logical ‘1’. 


Upon detection of collision (mismatch of a D and E bit), a 
complete frame must be retransmitted. Note that for 
transfer across the ‘S’ interface, the frame structure of 
the ‘S’ interface itself is impressed upon the frame struc- 
ture (LAPD) of the D-channel. 


Zero Insertion/Deletion 


When transmitting, the DLC examines the frame con- 
tent between the opening and closing flags. To ensure 
that a flag sequence is not repeated within the flag 
boundaries of the frame, a logical ‘0’ bit is automatically 
inserted after each sequence of five contiguous logical 
ones. When receiving, the DLC examines the frame 
content between the opening and closing flags and 
automatically discards the first logical zero which di- 
rectly follows five contiguous logical ones. 


D-Channel Address Recognition 


The address field, shown in Figure 10, allows for three 
types of addresses: 1) a one byte address signified by 
the LSB of the first address byte being set to a logical ‘1’; 
2) atwo byte address signified by the LSB of the first ad- 
dress byte being set to a logical ‘0’ and the LSB of the 
second address byte being set to a logical ‘1’; 3) amore 
than two byte address signified by the LSB of both the 
first and second address bytes being set to a logical ‘0’. 
Inthe case of the LAPD operating environments, the ad- 
dress is a two byte address where the first byte is analo- 
gous to the Service Access Point Identifier (SAPI) and 
the second byte is analogous to the Terminal Endpoint 
Identifier (TEI) as defined by the CCITT recommenda- 
tions. 


The DLC is able to recognize D-channel addresses of all 
of the three types outlined above. Note that only the first 
two bytes of a more than two byte address can be 
checked by the DLC. There are four First Received Byte 
Address Registers (FRARs) which hold the values used 
to match against the first byte of the incoming address. 
Similarly, there are four Second Received Byte Address 
Registers (SRARs) which hold the values used to match 
against the second byte of the incoming address. 
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FRAR4 defaults to FE hex; SRAR4 defaults to FF hex. This default is analogous to the broadcast address defined by 
the CCITT recommendations. The type of address recognition which is enabled is determined as follows: 


DMR4 DMR1 
bit bit bits 
7 5 7 6 5 4 Type of address recognition 
0 1 X X X 1 FRAR1 First received byte only address 
X X 1 X FRAR2 
X 1 XX X FRAR3 
1 X X X FRAR4 
1 1 X X X 1 SRAR1 Second réceived byte only address 
X X 1 X SRAR2 
X 1 X X SRAR3 
1 X X X SRAR4 
X 0 X X X 1 FRAR1 : SRAR1 Two byte address 
X X 1 X FRAR2 : SRAR2 
X 1 X xX FRAR3 : SRAR3 
1X X X FRAR4 : SRAR4 
X X 0 0 0 0 Address recognition disabled 


If DMR4 bit 6 is set to a logical ‘0’, bit 1 of the FRARs is 
ignored when matching the first incoming address byte. 
If DMR4 bit 6 is set to a logical ‘1’, all bits of the FRARs 
are used when matching the first incoming address 
byte. FRAR bit 1 is analogous to the C/R bit defined by 
the CCITT recommendations. The address recognition 
mechanism for the four FRAR/SRAR addresses can be 
individually enabled/disabled via DMR1 bits 4-7. 


First Received Byte Only Address 
Recognition 


If DMR4 bit 5 is set to a logical ‘1’ and DMR4 bit 7 is set to 
a logical ‘0’, only the first byte of the incoming address is 
compared to the values stored in the enabled FRARs. 
An interrupt is generated if there is an address match 
and the ‘Valid Address’ interrupt is enabled. If the ad- 
dress matches, the packet will be received. 


Second Received Byte Only Address 
Recognition 


If DMR4 bits 5 and 7 are set to a logical ‘1’, the DLC com- 
pares only the value in the second byte of the incoming 
address to values stored in the enabled SRARs. An in- 
terrupt is generated if there is an address match and the 
‘Valid Address’ interrupt is enabled. If the address 
matches, the packet will be received. 


Two Byte Address Recognition 


If DMR4 bit 5 is set to a logical ‘0’, the first byte of the 
incoming address is compared to the values stored in 
the enabled FRARs and the second byte of the incoming 
address is compared to the value stored in the corre- 
sponding SRAR. An interrupt is generated if a match is 
found for both incoming address bytes with a FRAR/ 
SRAR pair and the ‘Valid Address’ interrupt is enabled. 
If the address matches, the packet will be received. 


Disabling Address Recognition 


if DMR1 bits 4, 5, 6, and 7 are all set to logical ‘0’, all ad- 
dress recognition is disabled and all addresses are rec- 
ognized and received. In this case, the Am79C30A/32A 
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receives the first two bytes following the opening flag 
(the incoming address), and then issues an ‘End of Ad- 
dress’ interrupt if the ‘End of Address’ interrupt is en- 
abled. 


DLC Operation 
Receiving D-Channel Packets 


The receiver controls the flow of D-channel data to the 
D-channel Receive Buffer and the termination of a re- 
ceive packet. Up to two packets can be contained in the 
D-channel Receive Buffer. 


After receiving an opening flag (a bit sequence of 
01111110) and one byte of data which is not an abort or 
flag on the D-channel, the DLC sets the ‘Packet recep- 
tion in progress’ status bit (bit 2) in D-channel Status 
Register 1 (DSR1). The DLC then receives the first two 
bytes (the two address bytes). If address recognition is 
enabled, the Am79C30A/32A issues a valid address in- 
terrupt if a match between the programmed values and 
the received address is detected. If no match is detected 
and address recognition is enabled, the DLC ignores 
the packet. If address recognition is disabled, the 
Am79C30A/32A receives the first two bytes, issues an 
‘End of Address’ interrupt, and receives the packet. 
Both a ‘Valid Address’ and an ‘End of Address’ interrupt 
set Interrupt Register bit 2 to a logical ‘1’ and bit 0 of the 
D-channel Status Register 1 (DSR1) to a logical ‘1’. The 
‘Valid Address/End of Address’ interrupt can be dis- 
abled via DMR9 bit 0. There is an internal three byte de- 
lay which holds the first of the D-channel address bytes 
until the interrupt has been issued. Note that the incom- 
ing address bytes cannot be read however, until the ‘D- 
channel receive byte available’ or ‘D-channel receive 
threshold’ interrupt is set. 


After the address is received, the DLC continues to re- 
ceive D-channel bytes into the D-channel Receive 
Buffer FIFO. The DLC issues an interrupt when data is 
available inthe D-channel Receive Buffer. This interrupt 
can be disabled by setting DMR3 bit 3 to a logical ‘0’. 
The DLC also issues an interrupt when the receive 
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threshold set in DMR4 is reached. This interrupt can be 
disabled by programming a logical ‘0’ into DMR1 bit 1. 
By polling, the microprocessor can then read the D- 
channel bytes. The three byte delay incurred during ad- 
dress recognition is maintained. Therefore, the DLC re- 
ceives the Frame Check Sequence (FCS) before issu- 
ing an interrupt to signal the last byte of the packet has 
been received and appropriate status bits have been 
updated. If DMR3 bit 7 is set, the two FCS bytes at the 
end of the packet are transferred into the D-channel Re- 
ceive Buffer along with the data. 


The DLC issues an interrupt when the last byte of the 
packet is read from the DCRB. This interrupt can be dis- 
abled by setting DMR bit 2 to a logical ‘0’. 


After the FCS is received, the DLC receiver detects the 
Closing flag (a bit sequence of 01111110) and then ter- 
minates the packet by issuing an ‘end of receive packet’ 
interrupt (bit 1 of DSR1) and returns to looking for open- 
ing flags. The DLC also terminates the packet when an 
abort or an overflow or overrun error condition is de- 
tected. The ‘end of receive packet’ interrupt can be dis- 
abled by setting DMR1 bit 3 to a logical ‘0’. 


The D-channel Receive Byte Count Register (DRCR) is 
a 16-bit wide 2-word deep FIFO which is used to record 
the number of bytes in the incoming D-channel packets. 
Each count is terminated by an end of packet condition. 
Thus, the DRCR informs the microprocessor of the 
number of bytes, including the address bytes, which 
have been received. The counter is updated when the 
last byte of a packet is placed in the D-channel Receive 
Buffer. When the FCS bytes are included in the data 
transferred to the D-channel Receive Buffer, the FCS 
bytes are included in the byte count; if the FCS bytes are 
not included in the transfer, they are not included in the 
byte count. The opening flag and closing flag are not in- 
cluded in the byte count. 


The D-channel Error and Address Status Registers are 
also double buffered. Reading the last byte of a packet 
causes the DER byte to propagate to the output of the 
FIFO and updates the D-channel Status and Interrupt 
Registers accordingly. Reading the MSB of the DRCR 
causes the next count and associated ASR byte to 
propagate to the output of the FIFOs and updates the D- 
channel Status and Interrupt Registers accordingly. For 
this reason it is important to read ASR, DER and DSR1 
prior to reading the DRCR. 


When a receive error occurs, an end of packet interrupt 
is generated and the packet is terminated. When the last 
byte of the associated packet is read from the D-channel 
Receive Buffer the appropriate DER bits are set and an 
error interrupt is generated. All error interrupts can be in- 
dividually masked by setting the corresponding bits in 
DMRz2 to a logical ‘0’. 


There is one 16-bit D-channel Receive Byte Limit Regis- 
ter (DRLR). The received byte count is compared to the 
DRLR. When the byte count of the currently received D- 


channel packet exceeds the limit value, a receiver over- 
flow is detected, the packet is terminated and an end of 
packet interrupt is issued. D-channel Error Register 
(DER) bit 4 is set to a logical ‘1’ and an overflow interrupt 
issued when the last byte of the associated packet is 
read from the D-channel Receive Buffer. The overflow 
error interrupt can be masked by setting DMR2 bit 4 toa 
logical ‘0’. 


The minimum packet length is five bytes for a two byte 
address packet (not including flags). If the packet length 
is less thanthe above, an interrupt is issued and DER bit 
5 is set to a logical ‘1’ when the last byte of the associ- 
ated packet to read from the D-channel Receive Buffer. 
The error interrupt can be masked by setting DMR2 bit 5 
to a logical ‘0’. 


If packet reception is in progress and the D-channel Re- 
ceive Buffer is full, the microprocessor has a maximum 
of 425 usec to respond to the D-channel receive data 
available interrupt. If the microprocessor fails to do so, 
then an overrun error occurs when the data byte is over- 
written. When this happens, the packet is terminated. 
DER bit 6 is set to a logical ‘1’ when the last byte of the 
associated packet is read from the D-channel Receive 
Buffer. The overrun error interrupt can be masked by 
setting DMR2 bit 6 to logical ‘0’. 


Error indication is given if two packets have been re- 
Ceived and not serviced by the user and a third packet is 
received via DSR2 bit 2. When this error occurs, the 
third packet is terminated (that is, not received). 


Error indication is given for a receiver abort (the recep- 
tion of seven contiguous 1s) by DER bit 0. 


If the number of bits received between two flags is not an 
integral multiple of 8 (that is, if the received packet does 
not contain an integral number of bytes), DER bit 1 is set 
and an interrupt is generated when the last byte of the 
associated packet is read from the D-channel Receive 
Buffer. 


The incoming bit stream (including FCS) is run through 
the FCS generation and compare block. Upon receipt of 
the closing flag, the result is checked and must be (MSB 
first) 0001110100001111. Any other pattern indicates 
an FCS error and DER bit 3 is set to a logical ‘1’ when the 
last byte of the associated packet is read from the D- 
channel Receive Buffer. 


The DLC receiver does not assume the packet to be 
byte-aligned. The architecture supports shared flags 
between packets, interframe fill Consisting of logical 
ones (mark idle), and interframe fill consisting of flags 
(flag idle). Mark idle is defined as at least 15 or more 
contiguous ones. Flag idle is defined as more than two 
consecutive flag characters, not including a closing flag. 
DSR2 bit 5 is set to a logical ‘1’ while mark idle is being 
detected. DSR2 bit 6 is set to a logical ‘1’ while flag idle is 
being detected. The receiver D-channel packet can be 
aborted at any time during reception by setting INIT bit 6. 
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Transmitting D-Channel Packets 


The DLC Transmitter is activated as soon as the MSB 
(the second byte) of the 16 bit D-channel transmit byte 
count register (DTCR) has been loaded by the micropro- 
cessor. 


Next the LIU starts counting the number of consecutive 
‘1’s onthe E-channel until the number of ‘1’s defined by 
the LIU priority mechanism is detected. After the se- 
quence of ‘1’s the DLC transmitter will begin packet 
transmission. 


Address bytes for a transmit packet can be handied in 
two ways: they can be loaded into the transmit buffer or 
loaded into the transmit address register (TAR). 


There is one 16-bit Transit Address Register (TAR) 
which can be loaded by the microprocessor. The bytes 
loaded into the TAR are transmitted LSB first followed 
by MSB. For LAPD operation the LSB contains the SAPI 
and the MSB contains TEI. This 16-bit address (loaded 
LSB first) is transmitted within the address field of the D- 
channel packet if enabled by setting DMR1 bit 2 to alogi- 
cal ‘1’. If the TAR is enabled, the DTCR should be 
loaded with the number of bytes to be transmitted ex- 
cluding the address, flags and FCS. If the TAR is dis- 
abled, the DTCR should be loaded with the number of 
bytes to be transmitted excluding the flags and FCS and 
the microprocessor must load the address to be trans- 
mitted as the first two bytes of the D-channel packet 
data. 


The DLC issues an interrupt when a position is available 
in the D-channel Transmit Buffer. This interrupt can be 
disabled by setting DMR3 bit 5 to a logical ‘0’. The DLC 
also issues an interrupt to the microprocessor to request 
D-channel data bytes when the D-channel Transmit 
Buffer empties to the threshold specified in the D-chan- 
nel FIFO Mode Register. This interrupt can be disabled 
by setting DMR1 bit 0 to a logical ‘0’. 


If the D-channel Transmit Buffer is empty, the micropro- 
cessor has up to 375 us to respond to the D-channel 
transmit buffer interrupt. If the microprocessor fails to 
load the data bytes in this time frame, an underrun inter- 
rupt is generated in DER bit 7 and packet transmission is 
terminated with a transmitted abort. The underrun inter- 
rupt can be masked by setting DMR2 bit 7 respectively 
to a logical ‘0’. Transmission is also terminated when a 
collision is detected or LIU loss of synchronization 
occurs. 


The D-channel Transmit Byte Count Register is decre- 
mented each time a byte of data is transferred from the 
D-channel Transmit Buffer to the DLC. The count repre- 
sents the number of bytes left to be transferred exclud- 
ing the FCS and flags. If the transmit abort bit (INIT bit 7) 
is set, the transmit byte count is frozen and indicates the 
number of bytes left to transfer and not the number of 
bytes transmitted. The last byte of the packet is deter- 


mined by the D-channel Transmit Byte Count de- 
crementing to zero. When this occurs, DSR2 bit 3 is set 
to a logical ‘1’. 


After the last byte of the packet is transmitted, the DLC 
adds the FCS and closing flag. Then the DLC issues an 
interrupt (bit 6 of DSR1) to signify the end of the packet 
transmission. This interrupt can be masked by setting 
DMR3 bit 1 to a logical ‘0’ and is reset either by reading 
DSR1 orwhen the D-channel Transmit Byte Count Reg- 
ister is loaded for the next packet. 


Once the D-channel Transmit Byte Count has decre- 
mented to zero, a second packet may be loaded into the 
D-channel Transmit FIFO. If the MSB of the D-channel 
Transmit Byte Count Register is loaded prior to the end 
of transmit packet interrupt, the second packet is trans- 
mitted back-to-back with the previous packet. The end 
of transmit packet interrupt is not set between the two 
packets. If the MSB of the D-channel Transmit Byte 
Count Register is loaded after the end of packet inter- 
rupt, the second packet is transmitted once the LIU pri- 
ority mechanism has been re-satisfied. 


Collision Detection 


The Network Terminator echoes the transmitted D- 
channel data back to the DLC inthe E-channel bits of the 
‘S’ interface frame. If there is a difference between the 
data transmitted and the data echoed back, a collision 
has occurred. The DLC alerts the microprocessor to this 
event by asserting the interrupt line (INT) and setting 
DER bit 2. If acollision occurs during the transmission of 
an abort sequence, the interrupt is still issued. The colli- 
sion detect interrupt can be masked by setting DMR2 bit 
2 to a logical ‘0’. 


D-Channel Receive and Transmit Errors 


Non-integral Number of Bytes 


Anon-integral number of bytes occurs when the number 
of D-channel bits received between opening and closing 
flags is not divisible by 8. If areceived packet consists of 
a non-integral number of bytes, the DLC sets bit 1 inthe 
D-channel Error Register (DER) to a logical ‘1’ when the 
last byte of the associated packet is read from the D- 
channel Receive Buffer. 


Frame Check Sequence Error 


if a received packet including its 16-bit Frame Check Se- 
quence is not received perfectly, the DLC sets DER bit3 
to a logical ‘1’ when the last byte of the associated 
packet is read from the Receive Buffer. 


Receive Packet Abort 


If seven contiguous 1’s are received while receiving a 
packet, the packet will be terminated and DER bit 0 will 
be set to a logical ‘1’ when the last byte of the associated 
packet is read from the D-channel receive buffer. 
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Overflow 


Overflow occurs when the total number of D-channel 
bytes within a packet (including, only when enabled, the 
Frame Check Sequence bytes) exceeds the limit con- 
tained in the D-channel Receive Byte Limit Register. 
(See Receiving D-channel Packets section.) When this 
occurs, the DLC terminates the packet, and sets DER bit 
4 to a logical ‘1’ when the last byte of the associated 
packet is read from the D-channel Receive Buffer. 


Underflow 


If a received D-channel (including FCS) packet is less 
than five bytes for a two byte address packet, an under- 
flow error condition occurs and the DLC sets DER bit 5 
to a logical ‘1’ when the last byte of the associated 
packet is read from the D-channel Receive Buffer. 


Overrun 


A D-channel overrun error occurs when the receiver 
buffer is full and another byte is received. This can hap- 


DLC Registers 
The DLC contains the following registers: 


Registers 


First Received Byte Address Registers 

Second Received Byte Address Registers 

Transmit Address Register (16 bit) 

D-channel Receive Byte Limit Register (16 bit) 

D-channel Receive Byte Count Register (16 bit) (2 word FIFO) 
D-channel Transmit Byte Count Register (16 bit) 

Random Number Generator Registers 

D-channel Mode Registers 

Address Status Register (2 byte FIFO) 


There are three other accessible registers associated 
with the DLC. They are microprocessor read only 
registers. These registers are: 


D-channel Status Registers 
D-channel Error Register 


(DSR1 and DSR2) 
(DER) (2 byte FIFO) 
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pen if the D-channel receive buffer fills and is not read 
within 425 ys. When this error occurs, the DLC sets 
DER bit 6 to a logical ‘1’ and terminates the packet. 


Underrun 


A D-channel underrun error occurs when an empty D- 
channel buffer is transmitted. This can happen if the D- 
channeltransmit buffer is not loaded within 375 ps of the 
‘D-channel transmit buffer empty’ interrupt being as- 
serted (IR bit 0). When this error occurs, the DLC sets 
DER bit 7 to a logical ‘1’ and terminates the packet. 


Receive Packet Lost 


Receive packet lost occurs when two outstanding pack- 
ets have been received and not serviced (that is, the mi- 
croprocessor has not read the DRCB register) and a 
third packet is received. When this error occurs, DSR2 
bit 2 is set to a logical ‘1’ and the incoming packet is ter- 
minated (not received). 


Zz 
ss 


Mnemonic 


FRAR 
SRAR 
TAR 
DRLR 
DRCR 
DTCR 
RNGR 
DMR 
ASR 


=A NM |“ -— A Lh 
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D-Channel Mode Register 1 (DMR1), Read/Write 


DMR1 controls the enable/disable options for the DLC. It is under sole control of the microprocessor and does not 
generate any interrupts. DMR1 is defined below: 








Bit Logical ‘1’ Logical ‘0’ 

0 Enable ‘D-channel transmit threshold’ interrupt (see IR bit 0) Disable interrupt (default value) 

1 Enable ‘D-channel receive threshold’ interrupt (see IR bit1) Disable interrupt default value) 

2 Enable Transmit Address Register Disable Transmit Address Register (default value) 
3 Enable ‘end of receive packet’ interrupt (see DSR1 bit 1) Disable interrupt (default value) 

4 Enable FRAR1/SRAR1 Disable FRAR1/SRAR1 (default value) 

5 Enable FRAR2/SRAR2 Disable FRAR2/SRAR2 (default value) 

6 Enable FRAR3/SRAR3 Disable FRAR3/SRAR3 (default value) 

7 Enable FRAR4/SRAR4 (default value) Disable FRAR4/SRAR4 


D-Channel Mode Register 2 (DMR2), Read/Write 


DMR2 is used to enable/disable the interrupts generated in the DER (See DER definition below). DMR2 is controlled 
by the microprocessor and does not generate interrupts. DMR2 is defined below: 


Bit Logical ‘1’ Logical ‘0’ (default value) 
0 Enable ‘receive abort’ interrupt (see DER bit 0) Disable interrupt 
1 Enable ‘non-integral number of bytes received’ interrupt (see DER bit 1) Disable interrupt 
2 Enable ‘collision abort detected’ interrupt (see DER bit 2) Disable interrupt 
3 Enable ‘FCS error interrupt (see DER bit 3) Disable interrupt 
4 Enable ‘overflow error’ interrupt (see DER bit 4) Disable interrupt 
5 Enable ‘underflow error’ interrupt (see DER bit 5) Disable interrupt 
6 Enable ‘overrun error interrupt (see DER bit 6) Disable interrupt 
7 Enable ‘underrun error’ interrupt (see DER bit 7) Disable interrupt 


D-Channel Mode Register 3 (DMR3), Read/Write 


Bit Logical ‘1’ Logical ‘0’ 


oO 


Enable ‘Valid Address/End of Address’ interrupt (default value) ~ Disable interrupt 
(see DSR1 bit 0). 


1 Enable ‘End of valid transmit packet’ interrupt (default value) (see DSR1 bit 6) Disable interrupt 

2 Enable ‘Last byte of received packet’ interrupt (see DSR2 bit 0) Disable interrupt (default value) 
3 Enable ‘Receive byte available’ interrupt (see DSR2 bit 1) Disable interrupt (default value) 
4 Enable ‘Last byte transmitted’ interrupt (see DSR2 bit 3) Disable interrupt (default value) 
5 Enable 'Transmit buffer available’ interrupt (see DSR2 bit 4 ) Disable interrupt (default value) 
6 Enable ‘Received packet lost’ interrupt (see DSR2 bit 2) Disable interrupt (default value) 
7 Enable FCS transfer to FIFO Disable FCS transfer to FIFO 


(default value) 
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D-Channel Mode Register 4 (DMR4), Read/Write 


Bit 


76543210 Contro! 


XXXXXxXO00 Receiver Threshold 
XXXXXXO01 

XXXXXX10 

XXXXXX11 

XXXXO00X X Transmitter Threshold 
XXXX0O1X xX 

XXXX10X xX 

XXXX11X xX 

XXXOX X X X Interframe Fill 
XXX1XX XX 

X XOX X X XK X Address Recognition 
OX1XXX XX 

1X1XXX XX 

XOX X X X X X C/R Bit Compare 
X1XXXXX X 


Function 


1 Byte (default value) 
2 bytes 
4 bytes 
8 bytes 


1 Empty Byte 

2 Empty Bytes 

4 Empty Bytes 

8 Empty Bytes (default value) 


Mark Idle (default value) 
Flag Idle 


Two byte (default value) 
First Received Byte only 
Second Received Byte only 


Disable FRAR bit 1 compare (default value) 
Enable FRAR bit 1 compare 


Note that the receiver and transmitter thresholds can only be changed when the Am79C30A/2A is in idle mode. 


Address Status Register (ASR), Read Only 


Bit Logical ‘1’ 


FRAR1/SRAR1 address recognized 
FRAR2/SRAR2 address recognized 
FRAR3/SRAR3 address recognized 
FRAR4/SRAR4 address recognized 
4-7 Not used, reads logical ‘0’ 


On — © 


D-Channel Status Register 1 (DSR1), Read Only 
DSR1 has the following format: 


Bit Logical ‘1’ 


0 Valid Address (VA) if the address decode 
logic is enabled or End of Address (EOA) 
if the address decode logic is disabled 
End of receive packet 

Packet reception in progress 

Loopback in operation at Am79C30A/32A 
Loopback in operation at LIU 

D-channel back-off not in operation 

End of valid transmit packet 

Current transmit packet has been aborted 


NO OO PB WD — 


Logical ‘0’ (default value) 


No FRAR1/SRAR1 address match 
No FRAR2/SRAR2 address match 
No FRAR3/SRAR3 address match 
No FRAR4/SRAR4 address match 
Not used, read logical ‘0’ 


Logical ‘0’ (default value) 


No valid address 


Not end of packet 

Packet not being received 

No loopback in operation at Am79C30A/32A 
No loopback in operation at LIU 

D-channel back-off in operation 

Not end of transmit packet or no transmission 
No transmit packet abort 


The DSR 1 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or 


idle mode). 
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Bit Generate Interrupt Bit Set Bit Reset 





0 Yes if DMR3 bit O=1 Two bytes after an opening flag if a VA is When the microprocessor reads 
decoded or address recognition is disabled DSR1 or associated DRCR 
Yes if DMRi1 bit 3=1 When a closing flag is received When the microprocessor reads 
DSRI1 or associated DRCR 
2 No One byte after the opening flag of any packet, When a flag or an abort is received 
valid or not 
3 No When the operation is in progress When the operation is not in progress 
4 No When the operation is in progress When the operation is not in progress 
5 No When the operation is in progress When the operation is not in progress 
6 Yes if DMR3 bit 1=1 When the closing flag is transmitted When the microprocessor reads DSR1 or 
when DTCR is loaded 
7 No When seven ones and a zero have been When the microprocessor reads DSR1 
transmitted or when DTCR is loaded 





D-channel Status Register 2 (DSR2), Read Only 
DSR2 has the following format: 





Bit Logical ‘1’ Logical ‘0’ (default value) 
0 Last byte of received packet Not last byte of received packet 
1 Receive byte available Receive byte not available 

2 Receive packet lost Receive packet not lost 

3 Last byte transmitted Last byte not transmitted 

4 Transmit buffer available Transmit buffer not available 

5 Mark idle detected (15 or more contiguous ones) Mark idle not detected 

6 Flag idle detected (more than 2 contiguous flags) Flag idle not detected 

7 Not used, reads logical ‘0’ Not used, reads logical ‘0’ 


The DSR2 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or 
idle mode): 


Bit Generate Interrupt Bit Set Bit Reset 

0 Yes, if DMRS bit 2=1 When last byte of a received packet is read When the microprocessor reads the 
from the DCRB DSR2 

1 Yes, if DMRS bit 3=1 When DCREB contains one or more bytes of data When DCRB is empty 

2 Yes, if DMR bit 6 =1 When two outstanding packets are received When the microprocessor reads DSR2 
and not serviced and a third packet is received 

3 Yes, if DMR3 bit 4=1 When the last byte of a transmit packet is When the microprocessor reads DSR2 


transferred from the DCTB 
4 Yes, if DMR3 bit 5 = 1 When the DCTEB is available to be loaded witha | When the DCTB is full 


data byte 

5 No When 15 contiguous one bits have been detected When the first zero bit is detected on 
in the incoming D-channel the incoming D-channel 

6 No When more than two contiguous flags are When a non-flag character is detected 
detected on the incoming D-channels not on the incoming D-channel 


including a closing flag 
7 Not used 
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D-channel Error Register (DER), Read Only 
The DER has the following format: 


perenne I TCR UNE 


Bit Logical ‘1’ Logical ‘0’ (defauit value) 

0 Received packet abort No abort received 

1 Non-integral number of bytes have been received Integral number of bytes received 
2 Collision detected No error 

3 FCS error No error 

4 Overflow error No error 

5 Underfiow error No error 

6 Overrun error No error 

7 Underrun error No error 


The DER bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset): 


Bit Generates Interrupt Bit Set Bit Reset 
0 Yes, if DMR2 bit O=1 When seven consecutive ones are received When the uP reads the DER 
within a packet (DSR1 bit 2 = 1) or associated DRCR 
1 Yes, if DMR2 bit 1 =1 Upon error condition after closing flag When the pP reads the DER 
has been received or associated DRCR 
2 Yes, if DMR2 bit 2 = 1 See section on collision detection When the pP reads the DER or when 
DTCR is loaded 
3 Yes, if DMR2 bit 3 =1 If error occurs When the pP reads the DER or 
associated DRCR 
4 Yes, if DMR2 bit 4=1 if error occurs When the pP reads the DER 
or associated DRCR 
5 Yes, if DMR2 bit 5 =1 If error occurs When the pP reads the DER 
or associated DRCR 
6 Yes, if DMR2 bit 6 = 1 If error occurs When the pP reads the DER 
or associated DRCR 
7 Yes, if DMR2 bit 7 =1 If error occurs When the pP reads the DER 


or when DTCR is loaded 
DER bits 0, 1, 3, 4, 5, and 6 are set when the last byte of the associated packet is read from the D-channel Receive 
Buffer. 


OSCILLATOR (OSC) 


This interface sources the primary timing for the Am79C30A/32A and contains facilities for the connection of a 12.288 
MHz clock, or a parallel resonant crystal and load capacitors. 
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APPLICATIONS 


Figure 11— ISDN Feature Phone 


This basic feature phone is the ISDN equivalent to the 
common analog phone. The Keypad can be a simple 
four by four single pole switch matrix or up to a six by six 
matrix to provide full key system features. The display 
option, illustrated, can be included in any of the applica- 
tions shown in this section. 





Figure 12 — ISDN Feature Phone with Parallel and 
Serial Data Ports plus other Peripherals 


Access to the CCITT ‘R’ reference interface is illustrated 
via both the serial and parallel ports in the diagram. In 
addition, an example of several other peripherals inter- 
faced to the microprocessor bus is shown. This applica- 
tion has the capability of supporting various voice op- 
tions. Hence, the keypad is included in the figure even 
though it is not required for data only applications. 








SP LOUT, 
LOUT»> 
EAR, LIN, 
HANDSET > ee 
EARPIECE pec anank } 
Ss’ 
TELEPHONE LS, HANDSET 
SET MICROPHONE 
LOUDSPEAKER 
LSo 
DISPLAY MICROPROCESSOR 
KEYPAD 
09456—-9B 


Figure 11. Feature Phone with Display 
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, DATA RATE 
ADAPTOR 


SP LOUT, 





LOUT> 


EAR, LIN, 


DSC 
Am79C30A 


EAR» LIN2 


LS, 


MEMORY 
CRT CONTROLLER LSo (RAM OR/AND RAM) 





UART AND 
DISPLAY MICROPROCESSOR VO DRIVERS zz 





KEYPAD 


09456-11B 


Figure 12. Feature Phone with Parallel and Serial Data 
Ports Pius Other Peripherals 
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ELECTRICAL AND SWITCHING CHARACTERISTICS 


Absolute Maximum Ratings 


Storage Temperature —65° C to +150° C 
Ambient Temperature 

with Power Applied —55° C to +125° C 
Supply Voltage to Ground 

Potential Continuous 0Vto+7.0V 


Lead Temperature (soldering, 10 sec) 300° C 
Maximum Power Dissipation 1.5 W 
Voltage from any 

pin to Vss Vss —0.5 V to Vecto +0.5 V 
DC input/output current 

(except LS1, LS2) 10 mA 
DC output current, LS1, LS2 only 100 mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating Ranges 


Commercial (C) Devices 

Operating Vcc range with respect 
to Vss 

Ambient Temperature (Ta) 


4.75 V to 5.25 V 
0° to +70° C 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC Characteristics (over operating ranges unless otherwise specified) 


Parameter Parameter 
Symboi Descriptions Test Conditions Min. Max. Unit 


VIH Input high level except XTAL2 2.0 Vcc + 0.25 V 
Vina Input high level XTAL2 0.8 Vcc Vec + 0.25 V 


Vit Input low level Vss -0.25 0.8 V 









Vot Output low level lo. = 2 mA 











Output HIGH level loH = —~400 pA 


=—10 yA 











Output leakage current 0 < Vout< Vcc 


+10 pA 
Output in high Z state | 









Input Leakage Current 0 <Vin<Vcc 
Digital Inputs +10 
LIN1/LIN2 +200 


SESE 


XTAL2 





Input capacitance temp =25°C 
digital input 


10 pF 
(typical) 












15 pF 
(typical) 


Output capacitance, 
digital input/output 













Parameter Parameter 


Symbol Descriptions Min. Typ. Max. Unit 





Icc1 Vcc supply current 
(Idle) 





Vcc supply current 
(Active; call setup} 





J receiver and transmitter enabled; 20 35 mA 
S interface activated with data on 


shannel only; ‘S’ interface load = 50 ohms 








Vec= 5.25 V; Vin= Vcc; Vit= Vss; 
mode = Active voice + data; 
fucLkK = 3.072 MHz; LIU receiver/ 
transmitter enabled; ‘S ’interface 
activated with data on D-ch & one 40 50 mA 
B-ch; 'S’ interface load = 50 ohms; 

AINA= ~—15 dBm0, 1 kHz sine wave; 

EAR1/EAR2 = —15 dBm0O, 

1 kHz tone driving 600 ohms 


(Active; voice rr a) 
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AC Characteristics 
Vcc = 5 V +5%, Vss = 0 V; TA = 0°C —>70°C, MCLK = 3.072 MHz 


MAP Analog Characteristics (Am79C30A only) 


Parameter Parameter 
Symbol Description Test Conditions 
















Analog input impedance —1.25 V<Vin <+1.25 V Kohm 


AINA or AINB to AREF fin <4 kHz 
















with respect to 
AREF pin 


Allowable offset voltage 
at AINA or AINB 














+1.25 Vpeak 
(nominal) 


Analog input full scale 


with respect to 
reference level AINA or AINB 









wit;RLOAD>540 ohm 4.2.5 Vpeak 
100 pF, or (nominal) 
With RLOAD > 40 ohm 


VPR Analog output full 
scale reference level 
(PCM code = +3 dBm0) 







RLOAD > 40 ohms 
and 
CLOAD < 100 pF 


Allowable Load L$4 











RLOAD > 540 ohms 
and 





es CLOAD < 100 pF 
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MAP Transmission Characteristics (Am79C30A only) 












Parameter Description Test Conditions Min Max Units 
Attenuation vs frequency relative *50—60 Hz (Xmit only) 24.0 dB 
to -10 dBm0 at 1020 Hz <300HZz —0.25 “3 dB 
(See Figures 13, 17) 0.3-3 kHz 0.25 dB 
3~-3.4 kHz 0.9 dB 

3.4-3.6 kHz dB 

3.6—3.9 kHz dB 

3.9 kHz—4 kHz dB 

Group delay variation with frequency 500-600 Hz 750 us 
at 0 dBm0 (See Figures 14, 18) 600-1000 Hz 380 ys 
130 HS 

750 us 

Gain tracking CCITT Method 2 0.3 0.3 dB 
(Tone at 1020 Hz) —0.6 0.6 dB 
(See Figures 15, 19) —1.6 1.6 dB 
Signal to total distortion CCITT 35 dB 
Method 2 (Tone at 1020 Hz) . 29 dB 
(See Figures 16, 20) | 45 dBm0 24 dB 
Idle channel noise * Receiver -75 dBm0 
Transmitter —66 dBmo 

Absolute gain Relative to 0 dBm0 -0.3 +0.3 dB 





at 1020 Hz, RL > 540 ohms 
(See notes below.) 


The half channel parameters are specified above from 
AINA or AINB input pins to a B-channel for the transmit 
path and from a B-channel to EAR1/EAR2 pins mea— 
sured differentially for the receive path. The parameters 
are applicable for both A- or U-law conversion. (A-law 
assumes psophometric filtering and U-law assumes 
c-message weighting.) All parameters are specified 
with the GR, X, R, GX, and GER filters disabled; STG 
filter enabled but programmed for infinite attenuation. 


A0 dBm0 signal is equivalent to 0.625 Vrms at AINA or 
AINB and to 1.25 Vrms measured differentially at 


EAR1/EAR2 or LS1/LS2, when programmed for A-law 
operation. In u-law mode, 0 dBm0 is equivalent to 0.620 
Vrms at AINA or AINB and to 1.24 Vrms at EAR1/EAR2 
or LS1/LS2. 


An external 1 Kohm resistor (45%) and 2000 pf capaci- 
tor (420%) are connected in series between the CAP1 
and CAP2 pins. 


*Valid only when high pass filter and auto zero bits are 
enabled in MAP Mode Register 2. 
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Figure 13. Attenuation/Frequency Distortion (Transmit) 
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Figure 15. Gain Tracking Error (Transmit) 
(CCITT Method 2 at 1020 Hz) 
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Figure 17. Attenuation/Frequency Distortion (Receive) 
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Figure 18. Group Delay Variation with Frequency (Receive) 






INPUT LEVEL (d8m0) ———_> 


Figure 19. Gain Tracking Error (Receive) 
(CCITT Method 2 at 1020 Hz) 
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Figure 20. Signal to Total Distortion Ratio (Receive) 
(CCITT Method 2 at 1020 Hz) 
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LIU Characteristics 
All of the parameters below are measured at the chip terminals and are consistent with 





4 transformers. 












Parameter 


Symbol Parameter Description 





Output mark amplitude measured between LOUT2 and LO 
(Note 1) 







VLIN Receivable input level measured between LIN2 and:tIN* wit 530 1800 mV 
noise added as specified by CCITT 1.430 section 8.6.2.1, (h 
Zout Output impedance measured between LO SF 





Note 2: The 530 mV receive input level is equivalent to 9.0 dB of attenuation from a nominal transmit level when measured at the 
LIN pins. Allowing 0.5 dB loss in the isolation transformer and 1.0 dB loss in the input isolation resistors, this level will 
guarantee compliance to the CCITT receiver sensitivity spec of 7.5 dB when measured at the ‘S’ reference point. 
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+ 





C 
RL L V(s-reference) 
:4 
RL CL Vis-reference) 
09456—40A 


V (S-Interface): Transmitter output at the ‘S’ interface reference point. 

RL is the termination impedance at the ‘S’ interface. 

CL is the effective capacitance at the ‘S’ interface (see 1.430 B.5.1.2). 

R1 and R2 are the transmitter output series resistors; their value depends upon the characteristics of the pulse trans- 


former. (See equations in Figure 24.) R3 and R4 are required for multi-point operation to prevent loading of the line 
when power is removed from the terminal. 


Figure 21. System Interface to LIU 


High Mark 





50 ohms 


50% 








Low Mark 
50 ohms 
b : Cc 
PuF s HIGH MARK — § LOW MARK 
Figure 22. Equivalent Test a b 
Load Conditions 
09456—-40C 


Figure 23. Differential Output Signals 
Between LOUT2 and LOUT1 Using the Test Circuit 
in Figure 22 
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LIU Characteristics (Continued) 
Series Resistor Calculations 


ILOUT 





Rsec Rerm e N2 Reorp e N2 


Ri e N2 


09456-44A 


Rsec is the DC impedance of the transformer secondary. (IC side of transformer) 

Rprim is the DC impedance of the transformer primary. (Line side of transformer) 

Rcorp is the DC impedance of the TE connecting cord typically 4-6 ohms 

N is the transformer tums ratio. (N = 2 for Am79C30A/32A) 

Ri is the ‘S’ interface line impedance. (50 ohms) 

luour is the desired load current for the CCITT transmission templates (7.5 mA for 50 ohm line). 
Viout is the nominal output voltage from the DSC/IDC line driver. 


lLouT = Vou 


R1 + R24 Rsec + (Rprim e N2) + (RL « N2) + (Reorp e N2) 
R1+R2= (Vout) —Rsec — (Rprim e N2) — (RL e N2) — (Rcoro ¢ N2) 








(lLour ) 
Let R1 = R2 
R1=R2= 1/2 {Viour— Rsec — (Rprim e N?) — (RL N) — (Reorp e N?)} 
JLouT 
N=2 
RL = 50 ohms 
Viout = 2.326 V 
ltout = 7.5 MA 


R1=R2= 55.067 - 1/2 { Rsec + (4¢Rprim) + (4 Reoro)} 


This equation should be used to determine the value of Ri and Re for the particular transformer used by each cus- 
tomer. 


Figure 24. Equivalent DC Circuit at LOUT Pins for calculation of R: & Re 
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Microprocessor Read/Write Timing 
Microprocessor Read Timing 


Parameter Parameter 
Symbol Description 


















RD pulse width 


tRHRL Read recovery time (Note 1,2) 200 ns 
tCLAL CS low to RD low 0 ns 
tRHCH RD high to CS high 0 ns 
tADAL Address to RD low | 20 ns 
tRHAD Address hold after RD high 10 ns 
tRLDA RD low to data available ns 
trHDz RD high to data high Z ns 


No timing relationship is required between ADDR and CS puls 
The CS can be tied low. 


ast one write command register operation 





Read and write indirect register operations cannot be mixed out 
between them. ‘ : : 









Note 1: The read/write recovery time of 200 ns holds in att 
read data register operation when accessing the 
of 450 ns. : 


6p6t when awrite command register operation is followed by a 


: jent RAM. This operation requires a minimum recovery time 


Note 2: Successive reads of the D-channel Receive Bi fe equire a minimum cycle time (trLAH + trHAL) of 480 ns. 


Microprocessor Write Timing 












Parameter 
Description 


Parameter 
Symbol 







WR pulse width 


twHWL Write recovery ti 200 ns 


tcLw CS low to WR law 0 ns 
twWHcH 0 ns 
taDWL 20 ns 
tWHAD 10 ns 
tDAWH 100 ns 
twHoz 10 ns 


No timing relationship is required between ADDR and CS pulses. 
The CS can be tied low. 


Read and write indirect register operations cannot be mixed without at least one write command register operation 
between them. 


Note 1: The read/write recovery time of 200 ns holds in all cases except when a write command register operation is followed by a 
read data register operation when accessing the MAP coefficient RAM. This operation requires a minimum recovery time 
of 450 ns. 


5 a a ERPS SEE SSPE CMEC FE TAP PS OT TE PU ES SE ES SESSA ETS I TE TEE SS ST OSE TS IEEE SAE ST SC SE IE ETA LITE TITY 
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TCLRL 


'RLR 
RD/WR RD 


tRLDA 


DATA { _) 
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Figure 25. Microprocessor Read/Write Timing 


INT Timing 
interrupt Timing 









Parameter Parameter _ 
Descriptio 


Symbol 3 


tintc INT cle time . : : on : 125 
trec INT recovery time 500 


+ 


tREC 


09456A-20 
Figure 26. INT Timing 
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Reset and Hookswitch Timing 
Reset Timing 










Parameter 
Description 


Parameter 
Symbol 
Reset pulse width 
tPHAL Power stable to reset low 
tr Reset transition fall time 

Reset transition rise time 


Hookswitch Timing 






Parameter Parameter Min Max Units 


Symbol Description 


09456-—22B 
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Figure 28. Hookswitch Debounce Timing 
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OSC (XTAL2) Timing 








Parameter Parameter Test 

Symbo! Description Conditions Min Max Units 
teLer Oscillator period 81.387 ns 
tcH High Time ns 
tet Low Time ns 
tcLcH Rise Time 10 ns 


tcHcL Fall Time 





Frequency = 12.288 MHz + 80 ppm. 
MCLK Timing 


















Parameter 
Description 


Parameter 
Symbol 





XTAL2 VCC/2 to 
MCLK VCC/2 


Load < 80pF 60 ns 








tRISE Rise Time MCLK Load < 80pF 15 ns 
{FALL Fall Time MCLK Load < 80pF 15 ns 
tpwH High Pulse MCLK Load <80pF 33 ns 
Width i 73 ns 
114 ns 
: 155 ns 

tew. Low Pulse. 12.288 MHz MCLK Load <80pF 33 ns 1 
Width * 6.144 MHz | 73 ns 
4.096 MHz 114 ns 
3.072 MHz 155 ns 


The MCLK output can only change modes every 12 OSC cycles (that is, when all four of the MCLKs are synchronized 
on their low-to-high transitions). 


t t 
CH CLCH | CHCL 
V cc 0.5V 
0.5V 
4 t 
CL 
*Not TTL Vin ' CLCL 
09456A-41 


Figure 29. External Clock Driver (XTAL2) Timing 
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+— th 


\ec/2 
osc 


ec/2 
Divide by 1 
12.288 MHz 


Divide by 2 
6.144 MHz 


Divide by 3 
4.096 MHz 


TFALL™ : “tRisE 
iv. <0.5 V 
Divide by 4 A CC 
3.072 MHz 0.5 V | 
PWL PWH 


09456A-42 
CL 


Figure 30. OSC/MLK Timing 
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Serial Port Timing 












Parameter Parameter Test 


Symbol Description Conditions Max Units 





SCLK 














Ta High Time 2.615 uS 

Tb* Low Time 2.777 us 

trise SCLK rise time SCLK Load < 80pF 20 ns 

tfall SCLK fall time SCLK Load €80pF 20 ns 

tucsc MCLK to SCLK MCLK Le 60 ns 
@6.144 MHz SCLELC 

tcHFs SCLK high to 50 250 ns 
Frame Sync 

tcLpo SBOUT 50 250 ns 
Data Available 

toicH SBIN Set up tim 200 ns 

tcHoz SBIN Hold Tim 0 ns 


“The frequency of SCLK Is always fxTALe /64. Tp and Tb are based on this SCLK frequency, but include a + 163 nsec allowance for 
internal phase lock loop correction. 


Tp 


salpaitnal celia ll se 


SCLK 


SBIN 


a QOOO0QQOON0OQOOO00Q000000000C 
SBOUT 
+ Bd —_—_——»|<«——_ Be >————_>|+—_—- 5 ———>| 


|«—__—_. T1 —-—_—»| Note: T1 width is eight SCLK periods 


SFS 


09456-45A 


Note: SBIN data is sampled on the rising edge of SCLK; SBOUT data is changed on the falling edge of SCLK 
Figure 31. Serial Port Input/Output Timing 
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MCLK (6.144 MHz) 


'mcsc 

SCLK (192 KHz) 

_ a a 

t 
‘cLDO CLDO 
SBOUT | mM I] | X 
tDICH salle 'cHDz 
SBIN 
csp 09456—46A 


Figure 32. Serial Port MCLK/SCLK/SFS Timing 
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SWITCHING TEST CONDITIONS 
(Input) 


2.4V 


2.0 V 2.0 V 
Test Points <¢ 


0.8 V 0.8 V 





0.45 V 
09456-29A 


AC testing inputs are driven at 2.4 V fora logical one and 0.45 V for alogical zero. Timing measuremenis are made at 
2.0V and 0.8V for a logical one and a logical zero respectively. 


Figure 33. Switching Test Input/Output Waveform 





C. = 80 PF 


* 


C. Includes Jig Capacitance 09456A-30 


Figure 34. Switching Test Load Circuit 
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Key Design Hints For The DSC/IDC 


Due 


to the high level of integration of the 


Am79C30A/32A DSC/IDC, it is easy to overlook impor- 
tant design information when reading the datasheet. 
The following list of key design hints have been com- 
piled to streamline the design process. A comprehen- 
sive series of ISDN application notes and tutorials is 
available from Advanced Micro Devices; please contact 
an AMD sales office or factory for current information. 


1) 


2) 


3) 


5) 


6) 


1) 
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The AREF pin MUST be used to bias the AINA and 
AINB inputs. There is a datasheet parameter Vios 
which states that the analog inputs must be biased 
to within 5 mV of AREF. AREF is NOMINALLY 2.4 
volts; normal device-to-device variation will exceed 
the 5 mV Vios specification. If a voltage other than 
AREF is used, transmission performance at very 
low signal levels will be degraded. 


The recommended method of biasing the AINA and 
AINB inputs is to use a 15k-100k ohm resistor be- 
tween the input and AREF. The signal source 
should be AC-coupled to the analog input. Care 
should be taken such that the RC formed by the 
biasing resistor and blocking capacitor does not dis- 
tort the input signal. A 3-dB point below 10 Hz is 
recommended. : 


The AREF output must not be loaded with a capaci- 
tor, since it may cause the internal buffer amplifier to 
become unstable. For some applications involving 
significant gain external to the DSC, the AREF out- 
put may require a simple RC noise filter. In this 
case, the AREF output should be isolated from the 
Capacitor by a resistance of greater than 1k ohms to 
ensure stability. 


The DSC/IDC should be provided with decoupling 
Capacitors, situated as closely as possible to the 
package power leads. In general 0.1 microfarad ce- 
ramic Capacitors are sufficient, but bulk decoupling 
Capacitors will be required if the LS1 and LS2 loud- 
speaker outputs are driving a heavy load. 


The DSC/IDC is constructed on a single substrate, 
and therefore the device power pins must not be 
from separate supplies. If there is a DC offset be- 
tween the analog and digital power supply pins, ex- 
cessive current may flow through the device sub- 
strate. 


The LS1, LS2 and EAR1, 2 outputs are intended to 
be used differentially. Although it is possible to use 
only a single output, the rejection of power supply 
noise and internal digital noise is improved if the 
outputs are used differentially. 


It is necessary to observe the maximum loading 
specification for the LS and EAR outputs. When 
used differentially, the EAR outputs must see a 
minimum of 540 ohms between them. Similarly, the 
LS outputs must see a minimum of 40 ohms. The 


8) 


9) 


10) 


11) 


12) 


13) 


14) 


15) 


16) 


17) 


maximum capacitive loading in either case is 100 
DF. 


The LS and EAR outputs do not need to be 
“matched” to the load. The LS and EAR outputs are 
voltage drivers, and do not assume the presence of 
any particular load impedance. As long as the maxi- 
mum loading specification is met, the LS and EAR 
outputs will function satisfactorily. Insome cases an 
external resistor may be used to centre the desired 
output volume, for instance while driving a 150 ohm 
earpiece with the EAR outputs. 


It is not recommended to unnecessarily access the 
ATGR, FTGR, GX, GR, GER, STG, X, R, MMR1, 
and MMRz2 registers while audio is active. When the 
microprocessor accesses these registers it may in- 
terfere with the MAP calculations, resulting in de- 
graded transmission performance or audible noise. 


When using programmable gains and filters in the 
MAP, it is necessary to consider dynamic range ef- 
fects such as truncation error and clipping. In case 
of question in any particular application, please con- 
tact AMD applications staff for assistance. 


All MAP tone generators are referenced with re- 
spect to the +3 dBm0 overload voltage, i.e., a0 dB 
tone yields a +3 dBm0 output. Care must be takento 
avoid clipping when adding tones to signals, as for 
example when generating DIMF waveforms. 


The RC connected to CAP1/CAP2 must be situated 
as Close as possible to the DSC package, to reduce 
the amount of noise coupled in from other signal 
traces. 


It is necessary to observe the XTAL2 frequency ac- 
curacy requirement of 12.288 MHz+80 ppm. Since 
crystals from different manufacturers will vary, it is 
necessary to measure the DSC oscillator output fre- 
quency at the MCLK pin and if necessary, adjust the 
value of the crystal load capacitors as part of the in- 
itial design procedure. An application note of oscil- 
lator considerations is available from AMD. 


If driving the XTAL2 pin with the external oscillator, it 
is necessary to observe the datasheet input voltage 
and rise/fall time requirements. Note that the XTAL2 
levels are not TTL-compatible. 


The DSC, as any sensitive analog device, requires 
care in board layout. An application note of DSC 
board layout hints is available from AMD. 


The sidetone path defaults to —18 dB attenuation. If 
it is desired to disable the sidetone path, it is neces- 
sary to enable the sidetone block and program it for 
infinite attenuation. 


The LIU transformers, series resistors, and IC LIU 
output drivers must be considered as a functional 


Am79C30A/32A 


18) 


unit. Transformers that meet CCITT 1.430 require- 
ments with other transceivers are not necessarily 
appropriate for use with the DSC, and vice versa. 
An application note of DSC transformer and series 
resistor considerations is available from AMD. 


Interrupts should be masked when reading or writ- 
ing any indirect or multi-byte DSC registers, to pre- 


Am79C30A/32A 


19. 


vent the possibility of an interrupt occurring and de- 
stroying the contents of the Command Register. 


If the MAP is disabled, the EAR, AREF, and LS out- 
puts are high impedance. If the MAP is enabled, the 
unselected audio output is high impedance. 
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PHYSICAL DIMENSIONS 


PD 040 





125 ot4 
.160 .023 068238 


PL 044 
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Integrated Data Protocol Controller (IDPC) Devices 


DISTINCTIVE CHARACTERISTICS 


Data Link Controller ® Multiple (four plus broadcast) address recognition 


@ Full-featured bit-oriented communication controller modes 


supporting HDLC, SDLC, LAPB, LAPD, and DMI Muliiplexed serial interface with up to 31 8-bit chan- 
mw Data transfer rate: 2.048 Mb/s nels or non-multiplexed serial interface 


™ Local and Remote Loopback Mod 
™@ 32-byte receive FIFO and 16-byte transmit FIFO : emote Loopb es 


with programmable thresholds and DMA hand- @ Transparent (Protocol-Free) Mode 


shakes 
mw 56 kb/s Mode 


BLOCK DIAGRAM 


DRQ , 
DRQ 9 
| oo ———— DLCINT 
: i] 
ADDRESS 6 25 ‘| [328 Receiver] 
yte Receiver 
DATA & ADDR ‘| | RCV FIFO ! 
cs is Bye 3 
RD —> CTRL] | ‘| _XMIT FIFO nai 
wh —> Cok TT oe 
SFS/XMITCLK 
SBOUT 


CLK -> Control/Status Registers 
DACK ——> ; 
; 
J 
i] 


aaa Ee ws Data Link Controller (DLC) 


ec 
8 
RESET 
foo ects ene ne Garg ce eee ee eee ; 
i} ] 
' | _RCV FIFO __s USARTINT 
USARTCLK 
| | XMIT FIFO RxCLK 
RxD 
; Control/Status Registers TxD 
eee 



















1 
Baud Rate Generator BTR 
: DSR 
t 
Oh iofd canes aca DOA 2 dito t— BOCLKOUT 
TREQ ——» HREQ 
; HDT-R 
LOT-R carer site 
Memo: ontroller 
LINTOUT (OPMC) tle 
L PORT CTRL 09360B-1 
RAM CTRL HINTACK 
H PORT CTRL 


Publication # 09360 Rev. C Amendment /0 


Issue Date: June 1989 
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DISTINCTIVE CHARACTERISTICS (continued) 


USART 


m Superset of Industry-Standard 8250 UART 
features 


m@ Four-byte transmit/receive FIFOs 


™ Special character recognition (up to 128 
programmable) 


mw Synchronous mode provides a transparent serial 
data path 


m@ Local Loopback mode 
Dual-Port Memory Controller 


lm Memory bus arbitrator provides dual-port access to 
standard low-cost static RAM 


GENERAL DESCRIPTION 


The Am79C401 Integrated Data Protocol Controller 
(IDPC) and companion software product, the 
Am79LLD401 IDPC Low-Level Driver (LLD), provide the 
essential building blocks for construction of a variety of 
communications systems. When combined with ROM, 
RAM, a microprocessor, and the physical layer trans- 
ceiver, a complete ISDN, X.25, SNA, or similar system 
can be constructed. The IDPC is design-compatible with 
existing AMD communication components such as the 
Am79C30A Digital Subscriber Controller (DSC) and 
Am79C32A ISDN Data Controller (IDC) and off-the-shelf 
microprocessors such as the 80188. 


The IDPC contains hardware and software support fea- 
tures for use in a single-processor environment (Such as 
a terminal adapter for an ISDN network) or a multi- 
processor application (such as a communication inter- 
face for a PC or integrated voice/data work station appli- 
cation). For multi-processor applications, the IDPC 
controls access to an external “shared” static RAM by ar- 
bitrating simultaneous shared memory requests and 
supports an interprocessor interrupt scheme. 


A companion software product, the Am79LLD401 IDPC 
LLD, provides isolation of the various hardware functions 
from the higher levels of packet protocol software. The 
LLD canbe used with any bit-oriented protocol, including 
AmLink™, which is AMD’s LAPD/LAPB implementation. 
Additionally, AMD’s AmLink3™ package offers a com- 
plete implementation of the X.25 Packet Layer (Layer 3) 
protocol. 
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m Programmable inter-processor interrupts support 
RAM-based inter-processor mailboxes 


Microprocessor Interface 
@ 8-bit non-multiplexed data bus 


@ Operates with 12.5 MHz 80188 processor with zero 
wait states 


General Features 


w Compatible with Am79C30A DSC and 
Am79C32A IDC 


@ CMOS technology, single +5 V supply 
@ Power-down mode 


@ 68-pin PLCC 


For ISDN D-channel applications, a similar function is 
provided by the Am79C30A DSC and Am79LLD30A LLD 
software. 


The interfaces presented by the Am79LLD30A DSC LLD 
andthe Am79LLD401 IDPC LLD use the same primitives 
so that both the D-channel and the B-channel can use 
the same layer-2 software. Both LLDs provide a hard- 
ware-independent interface to upper-layer protocols 
such as AmLink LAPD. 


Functionally, the IDPC consists of four sections: a Data 
Link Controller (DLC), a Universal Synchronous/Asyn- 
chronous Receiver/Transmitter (USART), a Dual-Port 
Memory Controller (DPMC), and a Microprocessor Inter- 
face (MPI). 


Data Link Controller (DLC) 


The DLC shown in the Block Diagram is a high-speed, 
bit-oriented protocol processor that supports either mul- 
tiplexed or non-multiplexed data rates up to 2.048 Mb/s. 


The DLC provides full-duplex (simultaneous transmit 
and receive) data transfer between the chip’s Serial Bus 
Port (SBP) and internal parallel bus. Through the use of a 
32-byte receive FIFO, a 16-byte transmit FIFO, and two 
external DMA channels, the DLC provides efficient 
movement of data to and from external memory and the 
SBP (network interface). 


The DLC supports data transfers via DMA, interrupts, or 
polled I/O. The use of the FIFO buffers minimizes inter- 
rupt latency and frequency of interrupts. 


Am79C401 


The DLC has several programmable modes of operation 
which include: 


e Non-multiplexed mode 

@ Multiplexed mode 

e Local/Remote Test modes 

e Transparent (Protocol-Free) Mode 
e 56 kb/s Mode 


Non-multiplexed Mode 

In non-multiplexed mode, the DLC functions as a con- 
ventional serial communications controller capable of 
supporting full-duplex data transfers at rates up to 2.048 
Mb/s. This mode is useful in non-ISDN applications such 
as Local Area Networks, personal computer networks, 
Host-to-Host or terminal-to-Host applications. 


Multiplexed Mode 

In multiplexed mode, the DLC’s SBP interfaces cleanly 
with the SBP on the Am79C30A DSC or the Am79C32A 
IDC, and provides access to 31 64 kb/s time slots. 


Local/Remote Loopback Test Modes 

The DLC canbe placed in either local or remote loopback 
mode under software control. In local loopback, the 
transmitter output is tied back to the receiver input. In re- 
mote loopback, the receiver input from the network is 
transmitted back to the network for system test 
purposes. 


Transparent Mode 

In Transparent Mode, the DLC receives and transmits 
data without performing any HDLC protocol processing, 
creating a clear path between the SBP and the transmit 
and receive FIFOs. This mode can be used in either mul- 
tiplexed or non-multiplexed modes. 


56 kb/s Mode 

In 56 kb/s Mode, the DLC transmits and receives data at 
a 56 kb/s data rate. In this mode, the DLC sends data 
within an 8-bit time slot period, and always pulls the 
SBOUT pin High during the transmit time period of the 
eighth bit. Similarly, during data reception, the DLC shifts 
in 7 bits during the programmed time slot, but always 
waits until eight bits have been accumulated before 
transferring the data to the receive FIFO. 


Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) 


The IDPC contains a USART for exchanging data be- 
tween RS232 type terminals and the ISDN network in ap- 
plications where there is no host processor. The USART 
provides a superset of 8250 UART features and supports 
both synchronous and asynchronous serial communica- 
tions. The USART is capable of full-duplex operation at 
speeds up to 64 kb/s. 


The USART supports the following functions: 


e Programmable synchronous/asynchronous 
modes 


e Software reset 

e Line break recognition and generation 

@ Special character recognition 

e Selectable stop bits (1-, 1.5-, or 2-stop bits) 


e Modem control handshake lines (RTS, CTS, DSR, 
and DTR) 


@ Local loopback and “stick parity” test features 


The USART receiver can detect up to 128 user-identified 
special characters. As each character is received, it is 
tested. If it is identified as a special character, a mask- 
able interrupt can be generated. 


The USART includes an internal Baud Rate Generator 
(BRG) that provides a clock for the transmitter and re- 
ceiver sections (and to the external pin BDCLKOUT). 
The Baud Rate Generator’s data rate is programmed by 
loading two “divisor latches” under software control. 


Dual-Port Memory Controller (DPMC) 


The DPMC provides access control and an inter-proces- 
sor interrupt mechanism that permits two processors to 
share static RAM memory without the expense of dual- 
port RAM. These features are necessary in developing 
network interface applications for PCs and Integrated 
Voice/Data Workstations (IVDWs). 


In atypical multi-processor application, a local processor 
(such as the 80188) exchanges data with the host proc- 
essor in the PC or IVDW using shared memory. The 
DPMC performs RAM access arbitration between the lo- 
cal and host processors, allowing the static RAM to ap- 
pear as a dual-port memory to each processor. 


The local processor can access any device on the IDPC 
local bus. The host processor can only access the RAM 
onthe IDPC local bus. Any contention between the local 
processor and the host processor is arbitrated by the 
DPMC on the IDPC. Both processors communicate via 
memory-resident data buffers and mailboxes. An inter- 
processor interrupt scheme notifies the other processor 
when one of the processors has written data to a buffer or 
a command to a mailbox. 


Microprocessor Interface (MP1) 


The MPI consists of an 8-bit non-multiplexed data bus 
that allows the IDPC to function with a 12.5-MHz 80188 
processor (or other similar microprocessor) with zero 
wait-states. 


men ee rn eee ee a TY 


Am79C401. 
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CONNECTION DIAGRAM 
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LOGIC SYMBOL 





DRQp, DRO, 
USARTINT 
BDCLKOUT 


USARTCLK 
SBIN 

SCLK 
SFS/XMITCLK 
HDT-R 


| HINTACK 


HINTIN 
HRDY 
HREQ 
LDT-R 


| LREQ 


Do-D7 RAMOE RAMWE 


09360B-3 


Am79C401 


1-75 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM79C401 J Cc B 


| ee e. OPTIONAL PROCESSING 


Blank= Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C= Commercial (0 to +70° C) 


c. PACKAGE TYPE 
J= 68-Pin Plastic Leaded Chip Carrier 
(PL 068) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am79C401 
Integrated Data Protocol Controller (IDPC) 








Valid Combinations 


AM79C401 JC, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 





1-76 Am79C401 





PIN DESCRIPTION 


The interface pins of the 68-pin IDPC chip can be classi- 
fied into six major groups: 


Processor Bus interface (25 pins) 
USART Interface (9 pins) 
Serial Bus Port Interface (4 pins) 
Bus Arbitration Control (21 pins) 
Power/Ground (7 pins) 
No Connects (Reserved) (2 pins) 


Unless otherwise specified, all input pins are TTL com- 
patible. 


Processor Bus Interface 


As—Ao Address Lines (Input) 

These six address lines are generated by the external 
processor to select internal registers of the IDPC, and 
are valid only when CS is active Low. 


DACK DMA Acknowledge (input; Active Low) 

The DACK signal is an indication that the DMA Controller 
is executing a DMA cycle to the DLC transmit FIFO. This 
indication occurs early in the DMA cycle, allowing the 
transmit FIFO to deactivate the DRQ: signal when the 
last data transfer takes place (before an unwanted DMA 
cycle is initiated). An equivalent signal is not required for 
the DLC receive FIFO operation. 


CLK Master Clock (Input) 

The Master Clock is an input that provides synchroniza- 
tion and timing for internal IDPC logic functions. CLK is 
normally the same clock used by the CPU. 


CS Chip Select (Input; Active Low) 


CSis an input that indicates the IDPC has been selected 
for a read or write cycle. 


D7-DO Data Lines (Input/Output; Three State) 
D7—D0 are bidirectional data lines used to transfer data 
between the local processor and the IDPC. The direction 
of the data transfer is controlled by the RD and WR 
control lines. When CS is inactive High, the data lines 
remain in a high-impedance state. 


DLCINT DLC Interrupt (Output; Active High) 
DLCINT goes active High when the IDPC’s DLC sets a 
status bit and the associated interrupt enable bit is set, 
and remains active until all pending DLC interrupts are 
cleared. 


DRQo Receive DMA Request (Output; 
Active High) 


DRQois an output signal used by the DLC’s receive FIFO 
to begin a DMA cycle for received data. 


DRQo goes active High under the following conditions: 
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1) when number of bytes transferred into the receive 
FIFO equals the number specified in the DLC 
FIFO Threshold Register, or 


2) when an “end of packet” byte is loaded into the 
receive FIFO. 


DRQo is deactivated Low under the following conditions: 


1) Reset 
2) when the receive FIFO becomes empty, or 


3) when the last byte of a packet is transferred from 
the receive FIFO to external memory. 


DRQ: Transmit DMA Request (Output; 
Active High) 


DRQ:; is an output signal used by the DLC’s transmit 
FIFO to request the start of a DMA cycle for the transmit 
data. 


DRQ: goes active High when ALL of the following condi- 
tions are met: 


1) the transmit byte count is not equal to zero, 


2) last byte of the packet has not been loaded into 
the transmit FIFO, and 


3) number of bytes in the FIFO is equal to or less 
than the value programmed in the transmit FIFO 
Threshold. 


DRQ: is deactivated Low under the following conditions: 


1) Reset, 
2) when the transmit FIFO is full, or 


3) when the last byte of the packet is loaded into the 
transmit FIFO. 

PD Power Down (Input; Active Low) 

This signal disables all internal clocks and places all 

three-state signals in a high-impedance state. HRDY and 

LRDY are disabled and all interrupt outputs are deacti- 

vated. Status and data will be lost but programming is re- 

tained. PD should be held active for a period of 8 MCLK 

cycles. 


RD Read (Input; Active Low) 


This input is used by the IDPC to indicate when data from 
the IDPC is being requested. 





RD is qualified internally with an active Low CS. 


RST Reset (Input; Active High) 

This input forces all functions to terminate and places the 
IDPC in a default state. HRDY and LRDY are disabled 
and all three-state outputs are placed in a high-imped- 
ance state. RST should be held active for a period of 8 
MCLK cycles. 


USARTINT USART Interrupt (Output; Active High) 
USARTINT goes active High when the IDPC’s USART 
sets a status bit and the associated interrupt enable bit is 
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active, and remains active until all pending USART inter- 
rupts are cleared. 


WR Write (Input; Active Low) 


WR is used by the IDPC to latch incoming data (D7—Do) 
during a write cycle. 


WR is qualified internally with an active Low CS. 


USART Interface 

BDCLKOUT Baud Rate Generator Clock Out 
(Output) 

This signal is the output of the USART’s Baud Rate Gen- 
erator, andcan be used as acommon clocking source for 
a modem or other similar device. 


CTS Clear To Send (Input; Active Low) 


Activity on CTS generates a maskable interrupt, but does 
not directly control the USART’s transmitter. 


DSR Data Set Ready (Input; Active Low) 


Activity on DSR generates a maskable interrupt, but 
does not directly control the USART’s transmitter or 
receiver. 


DTR Data Terminal Ready (Output; Active Low) 


DTR is user-controlled and does not directly control the 
USART'’s transmitter or receiver. 


RTS Request To Send (Output; Active Low) 


RTS is user-controlled and does not directly control the 
USART’s transmitter. 


RxCLK Receive Clock (Input) 

RxCLK is an input to the USART and is used in synchro- 
nous and asynchronous operation. In asynchronous 
mode, the RxCLK should be 16 times the data rate. 
In synchronous mode, RxCLK is synchronized to the 
incoming data, and the rising edge is used to latch data 
on the RxD pin. The maximum data rate supported is 
64 kb/s. 


RxD Receive Data (Input; Active High) 

RxD is an input to the USART. Data on this pin is clocked 
into the IDPC on the rising edge of the selected clock 
source. 


TxD Transmit Data (Output; Active High) 


TxD is an output of the USART. Data is clocked out of the 
IDPC on the falling edge of the selected clock source. 


USARTCLK USART Clock (input) 


This pin is the clock input for the USART’s Baud Rate 
Generator. The frequency of this clock source must be 
an integer multiple of the desired baud rate (output of the 
Baud Rate Generator is the same as the data rate for 
synchronous operation and 16 times the data rate for 
asynchronous operation). If the Baud Rate Generator is 
programmed to divide by one, USARTCLK operates as a 


direct input to the USART. When the IDPC is used in con- 
junction with the Am79C30 (DSC), the 12.288-MHz 
clock output can be used as the USART clock source. 
The maximum data rate supported is 64 kb/s. 


Serial Bus Port Interface 

SBIN Serial Data In (Input) 

SBIN is the serial data input to the IDPC’s DLC. Data is 
clocked into the DLC, LSB (bit 0) first, on the rising edge 
of SCLK. The maximum data rate supported is '/s of clock 
supplied via the CLK pin. This data rate, however, should 
not exceed 2.048 Mb/s. 


In applications where an Am79C30A (DSC) is used, 
SBIN can be tied to the SBOUT pin of the DSC directly. 


SBOUT Serial Data Out (Output; Open Drain) 
SBOUT is the serial data output of the IDPC’s DLC. Data 
is clocked out, LSB (bit 0) first, on the falling edge of 
either SCLK or SFS/XMITCLK. SBOUT data rate may 
range from 0 to 2.048 Mb/s. In applications where an 
Am79C30A (DSC) is used, SBOUT of the IPDC is tied to 
SBIN of the DSC with a pullup resistor. 


SCLK Serial Clock In (Input) 
SCLK is used as the clocking source for the DLC. 


In multiplexed mode, SCLK supplies both the transmit 
and receive clocks synchronized to SFS/XMITCLK. In 
non-multiplexed mode, SCLK is used as the receive 
Clock and is not synchronized to SFS/XMITCLK. The ris- 
ing edge of SCLK is used to latch data on SBIN and the 
falling edge is used to shift data out on SBOUT in multi- 
plexed mode. The maximum data rate supported is 1/5 of 
clock supplied via the CLK pin. This data rate, however, 
should not exceed 2.048 Mb/s. 


SFS/XMITCLK Serial Frame Sync/Transmit Clock 
(Input) 

This input clock signal has two different functions de- 
pending on the mode of operation selected by bits 4—0 in 
the DLC SBP Control Register. In multiplexed mode, this 
input pin functions as SFS, the synchronization pulse 
used to indicate the first of up to 31 independent 8-bit 
time slots on SBIN and SBOUT. 


In non-multiplexed mode, SFS/XMITCLK is used by the 
DLC as the input for an independent transmit clock. SFS/ 
XMITCLK is used by the DLC to shift data out onto 
SBOUT, LSB (bit 0) first, on the falling edge. This clock 
operates from 0 to 2.048 MHz. 


Bus Arbitration Control 

HDBE Host Data Bus Enable (Output; 

Active Low) 

HDBE is an active Low output used to enable the data 


bus lines from the host processor to the shared RAM 
data bus. HDBE is driven active as a result of HDT-R 
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being sampled High (write cycle) and remains High until 
the end of the memory cycle. 


HABE Host Address Bus Enable (Output; 

Active Low) 

HABE is driven active Low by the IDPC as a result of re- 
ceiving an HREQ from the host processor and is used to 
enable the address lines from the host processor and re- 
mains active until the end of the memory cycle. 


HDLE Host Data Latch Enable (Output; 

Active High) 

This active High output is used to latch data from shared 
RAM to the host processor. HDLE is driven High as a re- 
sult of HDT-R being sampled Low. HDLE returns Low at 
the end of the memory cycle. 


HDLOE Host Data Latch Output Enable (Output; 
Active Low) 

This active Low output is used by the host processor to 
enable the output of the data bus latches to the host proc- 
essor. HDLOE is driven Low when HDT-R is sampled 
Low. It is deactivated when HREQ goes inactive Low. 





HDT-R Host Data Transmit-Receive (Input) 

HDT-R indicates whether a read or write cycle takes 
place to shared memory from the host processor. When 
HDT-R is sampled High, it indicates that a shared RAM 
write cycle is in progress. As a result, RAMWE and HDBE 
are driven active Low . 





When HDT-R is sampled Low, a shared RAM read cycle 
occurs and RAMOE and HDLOE are driven active Low, 
and HDLE is driven active High . 


HINTACK Host Interrupt Acknowledge (Input; 
Active High) 

HINTACK is generated by the host processor in re- 
sponse to a Host Interrupt Out signal (HINTOUT) from 
the IDPC. HINTACK is used to clear bit 0 of the Sema- 
phore Register, and deactivate the HINTOUT signal 
Low. 





HINTIN Host Interrupt In (Input; Active High) 

This signal is used by the host processor to generate an 
interrupt to the local processor via the LINTOUT pin. 
When the host processor pulses this pin High, bit 1 of the 
Semaphore Register is set to ‘1’ and LINTOUT is driven 
active High. 


HINTOUT Host Interrupt Out (Output; 

Active High) 

HINTOUT is used to generate an interrupt to the host 
processor. This signal goes active High when the local 
processor sets bit 0 of the Semaphore Register to ‘1’. 
HINTOUT is deactivated Low by a pulse on the HINT- 
ACK pin or by Reset. 


HRDY 
Drain) 
HRDY is an output from the IDPC used by the host proc- 
essor to complete a shared RAM memory cycle. HRDY is 
normally High. It is pulled Low when a request for shared 
RAM is received from the host processor (HREQ) and is 
returned High at the end of the memory cycle, or by Re- 
set. 


Host Ready (Output; Active Low; Open 


HREQ Host Processor Bus Request (Input; 

Active High) 

The HREQ is a active High input to the IDPC from the 
host processor requesting access to the shared RAM. 
HREQ is sampled on the falling edge of every IDPC Mas- 
ter clock cycle. When sampled active, HREQ drives 
RAMCS and HABE active Low, and HRDY active Low. 
HREQ is an asynchronous input with respect to the 
IDPC’s Master Clock and is synchronized internally. 


LABE Local Address Bus Enable (Output; 
Active Low) 

This signal is driven Low by the IDPC to enable the ad- 
dress lines from the local processor bus onto the shared 
memory bus when a Local Processor Bus Request 


(LREQ) is received from the local processor. LABE 
remains active Low until the end of the memory cycle. 


LDBE Local Data Bus Enable (Output; 

Active Low) 

This signal is used to place the data from the local proc- 
essor bus onto the shared RAM data bus. LDBE is driven 
active Low as a result of LDT-R being sampled High. 
LDBE remains Low until the end of a memory cycle. 




















LDLE Local Data Latch Enable (Output; 

Active High) 

This signal is driven High to latch data from shared RAM 
onto the local processor data bus. LDLE is driven High as 
a result of LDT-R being sampled Low, and is deactivated 
Low at the end of a memory cycle. 


LDLOE Local Data Latch Output Enable (Output; 
Active Low) 

This signal is an active Low output from the IDPC that en- 
ables the output of the data bus latch onto the local proc- 
essor. LDLOE is driven active Low when LDT-R is sam- 
pled Low, and is cleared when LREQ goes inactive High. 





LDT-R_ Local Data Transmit-Receive (Input) 

LDT-R indicates whether a read or write cycle takes 
place to shared memory from the local processor. When 
this signal is sampled High, a shared RAM write cycle oc- 
curs. AS a result, RAMWE and LDBE are driven active 
Low. 
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When LDT-R is sampled Low, a shared RAM read cycle 
occurs, RAMOE and LDLOE are driven active Low, and 
LDLE is driven active High . 


LINTOUT Local Interrupt Out (Output; 

Active High) 

LINTOUT is driven active High when the HINTIN pin is 
pulsed high by the host processor, and goes Low when 
bit 1 in the Semaphore Register is cleared to “0” by soft- 
ware, or after a Reset. 


LRDY Local Ready (Output; Active Low; 

Open Drain) 

LRDY is an active Low output from the IDPC used by the 
local processor to complete a shared RAM memory cy- 
cle. LRDY is normally High, and is driven Low when a re- 
quest for shared RAM is received from the local proces- 
sor (LREQ) and the host processor is currently accessing 
shared RAM. 


LREQ Local Processor Bus Request (Input; Active 
Low) 

This active Low signal is an input to the IDPC from the lo- 
cal processor when it requests access to the shared 
RAM. LREQ is sampled on the falling edge of every IDPC 
Master Clock cycle. 


LREQ must be synchronous to CLK. 








RAMCS RAM Chip Select (Output; Active Low) 

This signal is an active Low output from the IDPC used 
by the shared RAM as its chip select. RAMCS is a driven 
Low when either LREQ or HREQ is sampled active. 
RAMCS remains active until the end of a memory cycle. 


RAMOE RAM Output Enable (Output; 

Active Low) 

This signal is an active Low output signal from the IDPC 
used by the shared RAM to enable its output drivers. 
RAMOE is driven active Low when either LDT-R or 
HDT-R is sampled Low and is deactivated High at the 
end of the memory cycle. 


RAMWE RAM Write Enable (Output; Active Low) 


This signal is an active Low output from the IDPC used 
by the shared RAM as awrite strobe. RAMWE is driven 
Low when either LDT-R or HDT-R is sampled High and 
remains active until the end of a memory cycle. 


Power/Ground 
Vcc +5 V Power Supply 


Vss Ground 
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FUNCTIONAL DESCRIPTION 
IDPC Block Diagram Description 


The IDPC contains three major functional modules 
which include: 


e Data Link Controller (DLC) 

e Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) 

e Dual-Port Memory Controller (DPMC) 


Data Link Controller (DLC) 


The DLC consists of a transmitter, receiver, and of Con- 
trol/Status registers (Figure 1). 


DLC Transmitter 

The transmitter resides between the IDPC’s parallel bus 
and the serial communication network. The local proces- 
sor builds a data block in memory containing the ad- 
dress, control, and information fields of an HDLC frame. 
This block of data is then moved into the transmit FIFO 
under either DMA or programmed |/O control. 


The transmitter functions include: opening flag transmis- 
sion, data transparency (via zero insertion), generation 
and transmission of the Frame Check Sequence (FCS) 
characters (if enabled), and transmission of the closing 
flag. 


The transmitter may also be programmed to perform 
such functions as inverting the polarity of the data 
stream, transmitting an abort sequence, and transmitting 
an all “1s” pattern (Mark Idle) or back-to-back flags (Flag 
Idle) between packets. 


A block diagram of the DLC transmitter is shown in 
Figure 2. 


Transmit FIFO—The transmit FIFO consists of a 
16-byte FIFO buffer, transmit byte count register, trans- 







mit byte counter, and DMA request logic. Data can be 
loaded into the transmit FIFO under programmed 1/O or 
Direct Memory Access (DMA) control. 


Data Register—The “user-addressable” portion of the 
FIFO is termed the data register. The transmit FIFO sets 
bit 3 (XMIT BUFFER AVAIL) in the FIFO Status Register 
to “1” to indicate when the Data Register is available. 
This bit is set any time the Data Register is empty, and is 
cleared when the Data Register is written to and the 
FIFO becomes full or the last byte of a packet is loaded 
into the FIFO. 


Parallel-to-Serial Shift Register—The output of the 
transmit FIFO is loaded one byte at a time into the paral- 
lel-to-serial shift register then shifted out to the zero bit in- 
sertion logic before appearing at the SBOUT pin. 


Flag and abort characters are loaded into the parallel-to- 
serial shift register for transmission by the DLC when a 
flag or abort sequence is to be sent. During the transmis- 
sion of a flag or abort sequence the zero bit insertion 
logic is disabled. 


Bit Residue —The transmitter also has provisions for 
handling bit-residue. Bit-residue refers to the number of 
bits left over after the | (Information) field of a frame (ex- 
cluding inserted zeros) is divided into 8-bit bytes. Proto- 
cols such as LAPD and SDLC specify that data be sent in 
8-bit quantities. Im HDLC, however, the information field 
can be any number of bits and not necessarily an integral 
number of 8-bit characters. On the IDPC a programma- 
ble 3-bit field is provided that specifies the number of 
valid data bits received or transmitted during the last byte 
of a frame. Transmitting packets with bit-residue I-fields 
requires that the user load a 3-bit register field (Residue 
Bit Status Control Register) with the number of residue 


DRQ, DMA 
DRQ, Controls 


ee ADDR GV FIFO 
g ecelver 
S cs @CTRL 4} | XMIT FIFO 
3 = ee TOT Licnomiter 1 SCL 
® Z = , 4{— SFS/MITCLK 
© WR Control/Status Registers SBOUT 
a CLK 
Oo a 
5 DACK | 
= PD ea | 

RESET : ae Data Link Controller (DLC) 





DLC 
DLCINT Interrupt 


Figure 1. DLC Block Diagram 
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Figure 2. DLC Transmitter 


bits inthe packet (in the last byte of the I-field just prior to 
transmitting the FCS). When the last byte of the |-field is 
to be transmitted, the contents of the Residue Bit Status 
Control Register are used to determine when the FCS is 
actually sent. 


CRC Generator—The Frame Check Sequence (FCS) is 
16 bits long and contains the generated CRC code forthe 
frame being transmitted. All data transmitted between 
the opening and closing flags (excluding inserted zeros) 
is included in the CRC calculation. The standard CCITT 
generator polynomial, X'® + X'? + X°+1, is used. 


Zero Bit Insertion—The zero bit insertion logic provides 
data transparency by ensuring that flag or abort charac- 
ters embedded in the data is not recognized by the re- 
mote receiver as actual data link control characters. The 
zero bit insertion logic monitors the data stream between 
the opening and closing flags of a frame and inserts a “0” 
after detecting five contiguous “1”s. 


Flag/Mark Idle Generation —The DLC transmitter may 
be programmed to either flag or mark idle when the 
transmitter is enabled and is not actively sending a data 
packet or an abort sequence. 


Abort Generation —An abort sequence will be sent by 
the DLC transmitter whenever the Send Abort bit (bit 0 in 
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the DLC Command/Control Register) is set. The trans- 
mitter will continue sending an abort sequence as long as 
this bit is set; however, if the Send Abort bit is set and 
cleared on two successive writes to the DLC Command/ 
Control Register at least one abort character will be sent. 


Serial Bus Port—The Serial Bus Port (SBP) sits at the 
output of the transmitter and performs a number of func- 
tions related to time slot assignment, clock selection, 
data inversion, transmitter enable/disable, and loopback 
testing. 


Time Slot Multiplexer: The time slot multiplexer oper- 
ates in two modes: multiplexed and non-multiplexed. In 
the multiplexed mode, one of 31 time slots may be pro- 
grammed to transmit data; in the non-multiplexed mode, 
the data is transmitted directly without multiplexing. In 
addition, time slots 0 and 1 can be concatenated in multi- 
plexed mode into one 16-bit wide slot by holding the 
frame sync signal, SFS/XMIT , active through the first bit 
time of time slot 1. 


Transmit Enable/Disable Logic: The transmit enable/ 
disable logic monitors bit 1 of the DLC Command/Control 
Register. When this bit is reset to “0,” the SBOUT pin is 
set to a physical mark idle state (i.e., the SBOUT pin is 
pulled High). Note that if the transmitter is disabled or en- 
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abled during the programmed time slot (in multiplex 
mode), the disabling or enabling of the transmitter will oc- 
cur at the end of the time slot. 


Local Loopback Logic: The DLC can be placed in a lo- 
cal Loopback mode for test purposes by Setting bit 6 in 
the SBP Control Register to “1.” Local loopback discon- 
nects the SBIN pin and connects the transmitter output to 
the receiver input. The selected transmit clock is used as 
the receive clock. 


Remote Loopback Logic: The DLC can be placed in 
the remote loopback mode for diagnostic purposes by 
setting bit 7 of the SBP Control Register to “1.” In remote 
loopback mode, the transmitter is disabled and data re- 
ceived at the SBIN pinis echoed out the SBOUT pin. The 
receiver operates normally in this mode. 


Transparent Mode: \|n Transparent Mode, all HDLC 
protocol functions are bypassed. Data is transmitted ex- 
actly as it is loaded in the transmit FIFO. Transparent 
Mode is enabled when bit 7 of the DLC Residual Bit 
Status Control Register is set to “1.” Two modes of op- 
eration are available in Transparent Mode using bit 6 of 
the DLC Residual Bit Status Control Register. 


Transparent Mode 1—lf bit 6 and bit 7 of the DLC 
Residual Bit Status Control Register are set to “1,” the 
number of bytes to be sent, after the XMIT Enable bit 
inthe DLC Command/Control Register is set to “1,” is 
determined by the count programmed in the DLC 
Transmit Byte Count Register. When the number of 
bytes loaded into the transmit FIFO equals the pro- 
grammed count further DMA requests are inhibited 
and, when the last bit of the last byte is transmitted, 
the XMIT Enable bit will be cleared to “O” and the Valid 
Packet Sent Status bit in the DLC Interrupt Source 
Register will be set to “1” to indicate that transmission 
has completed. 


Transparent Mode 2— If bit 6 is set to “O” and bit 7 is 
set to “1” inthe DLC Residual Bit Status Control Reg- 
ister, the number of bytes transmitted will be con- 
trolled by the XMIT Enable bit in the DLC Command/ 
Control Register and the DLC Transmit Byte Count 
Register will be ignored. In this mode of operation the 
DLC will start generating DMA requests and sends 
data for as long as the XMIT Enable bit is set to “1.” 
When this bit is cleared to “O” further DMA requests 
are inhibited and, when the last bit of the last byte is 
transmitted, the Valid Packet Sent Status bit in the 
DLC Interrupt Source Register will be set to “1” to indi- 
cate that transmission has completed. 


56 kb/s Mode: If bit 7 of the DLC Residual Bit Status 
Control Register is set to “1” and the DLC is programmed 
for multiplex operation, the DLC will transmit data at a56 
kb/s data rate instead of the normal 64 kb/s data rate. In 
this mode, the DLC will send data within an 8-bit time slot 
period, but will always disable the SBOUT pin High dur- 
ing the eighth bit time period. 
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DLC Receiver 

The receiver (Shown in Figure 3) processes serial data 
packets from the SBP and transfers the data to a 32-byte 
receive FIFO, where it is transferred to “off-chip” RAM 
memory under DMA or processor control. Data rates 
from 0 to 2.048 Mb/s are allowed. The hardware can re- 
ceive an entire packet and move the information to off- 
chip RAM without processor intervention if DMA is used 
in the design. Packet status information is then reported 
on apacket-by-packet basis at the time that the last byte 
of the packet has been moved to memory. 


Dedicated hardware modules perform bit-level opera- 
tions on each frame of data including mark-idle and flag- 
Idle detection, data inversion, flag/abort recognition, 
zero bit deletion, CRC checking, and address recogni- 
tion. 


Functionally, the receiver consists of the following major 
circuits: 


Serial Bus Port 

Zero bit Deletion Unit 

Short Frame Byte Counter 
CRC Checker 
Serial-to-Parallel Shift Register 
Address Detection Unit 
Receive FIFO 

Receive Byte Counter 


Serial Bus Port—The Serial Bus Port (SBP) receives 
serial data from the SBIN pin and sends it to the flag/ 
abort detection unit and the zero bit deletion unit. 


The SBP performs three operations on the incoming 
data: 


1) Mark Idle Detection 
2) Programmable data inversion 
3) Time slot de-multiplexing 


Zero Bit Deletion Unit—The zero bit deletion unit moni- 
tors the data stream between the opening and closing 
flags and removes a zero that appears after a string of 
five consecutive “1”s (“O”s are added during transmis- 
sion to prevent a data pattern from resembling an abort, 
opening, or closing Flag). 


Short Frame Byte Counter—The Short Frame Byte 
Counter is a 4-bit counter that counts the number of char- 
acters that have reached the serial-to-parallel shift regis- 
ter. If a frame ends ina flag, and the number of bytes re- 
ceived is less than the value programmed into the 
Minimum Packet Size Register, and data has been 
placed in the FIFO (Receive Byte Counter>0), the 
SHORT FRAME ERROR status bit in the Receive Frame 
Status Register will be set to “1” when the last byte of the 
packet is read from the receive FIFO. Note that packet 
Status is reported to the user and interrupts are gener- 
ated, when the last byte of the received packet is read by 
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Figure 3. DLC Receiver 


the processor or placed in off-chip RAM by the DMA 
controller. 


CRC Checker—The output of the flag/abort detection 
unit is shifted into the CRC Checker. When the closing 
flag is detected, the 16-bit Frame Check Sequence has 
just been shifted into the checker. At this point, the con- 
tents of the CRC Checker is examined. If an error is de- 
tected, the CRC ERROR status bit is set in the Receive 
Frame Status Register (bit 2) when the last byte of the 
packet is read from the receive FIFO. The FCS can op- 
tionally be placed in the receive FIFO by setting the EN- 
ABLE FCS PASS-THRU bit (bit 7) to “1” inthe DLC Com- 
mand/Control Register. If this bit is set to “O” the FCS is 
discarded by the DLC and is not available for use. 


Serial-to-Parallel Shift Register—The output of the 
zero bit deletion unit is fed into a 32-bit shift register 
which converts the serial stream into bytes.The parallel 
output of the shift register is fed to the receive FIFO, one 
byte at a time. 


Address Detection Unit—The address detection unit 
identifies packets that are addressed to the receiver. De- 
pending on programming, the first, second, or both of the 
firsttwo bytes of each received packet (after receipt of an 
opening flag) are compared with the contents of five ad- 
dress registers (four user-programmable registers and 
one broadcast). If address recognition is enabled and the 
incoming packet’s address field matches one of the ad- 
dress registers, the packet is received; otherwise, the 


packet is discarded and the receiver goes into a wait pat- 
tern looking for the next flag. As a programmable option, 
the Command/Response (C/R) bit (bit 1 of the first byte) 
can be ignored. If address recognition is disabled (i.e., 
bits 4—0 of the DLC Address Control Register are reset to 
“O”), all packets are accepted by the DLC. 


Receive FIFO—The receive FIFO is a 32-byte buffer lo- 
cated between the Serial-to-parallel shift register and the 
Microprocessor Interface (MPI). The FIFO is loaded by 
the shift register and unloaded by either the local proces- 
sor or DMAcontroller. When the user-visible Data Regis- 
ter contains data, the RECV DATAAVAIL status bit inthe 
DLC FIFO Status Register is set to “1” and a maskable 
interrupt is generated. This status bit is cleared to “0” 
when the byte is read from the Data Register and the re- 
ceive FIFO becomes empty. 


Receive FIFO Threshold Logic: This logic generates a 
receive FIFO Threshold Reached signal. This signal is 
High whenever the number of bytes in the receive FIFO 
are equal to or greater than the threshold level pro- 
grammed into the FIFO Threshold Register (bits 7-4). 
This signal is used to set the RECV TRSHLD REACHD 
Status bit to “1” inthe DLC FIFO Status Register and gen- 
erate a maskable interrupt. The Threshold Reached sig- 
nal is also used to generate DRQo. 


Data Movement Control: Data is moved from the re- 
ceive FIFO either by DMA or Programmed I/O. The 
DRQo pin is the receive FIFO’s Data Request output to 
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the off-chip DMA controller. DRQo is activated when the 
level in the FIFO reaches the programmed threshold, or 
the last byte of a packet is placed in the FIFO. Once acti- 
vated, DRQo remains active until the FIFO becomes 
empty or the last byte of a packet is removed from the 
FIFO. DRQo will not be re-activated until the status of the 
previous packet has been read (by reading the least sig- 
nificant byte of the Receive Byte Count Register). 


When programmed 1/O is used, a maskable interrupt is 
generated when the programmed threshold is reached. 
The user removes data by reading the receive FIFO Data 
Register. If the last byte of a packet is placed in the FIFO, 
the end-of-packet Interrupt (maskable) indicates that the 
FIFO requires servicing. In this case, the user reads a 
data byte and then polls the RECV DATA AVAIL bit in the 
DLC FIFO Status Register. The user continues to re- 
move data in this read-a-byte, poll RECV DATA AVAIL 
bit, read-a-byte fashion until the RECV DATA AVAIL bit 
is no longer set to “1.” Since this procedure is in response 
to an end-of-packet Interrupt, the lack of a valid RECV 
DATA AVAIL bit indicates that the previously read data 
byte was the last in the packet and packet status should 
be read. The RECV DATA AVAIL bit de-activated by the 
receive is FIFO in response to the packet'’s last byte be- 
ing removed. This happens even if the FIFO is not empty 
(for example, data from a new packet has been re- 
ceived). The RECV DATA AVAIL status bit will not be re- 
activated until the least significant byte of the Receive 
Byte Count Register is read (and additional data is in the 
FIFO). 


Receive Byte Counter—The Receive Byte Counter 
keeps track of the number of current packet bytes trans- 
ferred into the receive FIFO. When the last byte is re- 
moved from the FIFO, the contents of the counter are 
loaded into the Receive Byte Count Register. 


The receive byte count is used to identify long frames 
and frames that have terminated prior to any data being 
placed in the buffer. Software uses the receive byte 
count to determine the length of a received frame. 


Long Frame Error—A long frame error occurs when the 
Closing flag of a frame is not detected before the number 
of received bytes equals the value programmed in the 
Maximum Packet Size Register. When this occurs, the 
byte that caused the long frame error is tagged as the last 
byte and the LONG FRAME ERROR status bit is set to 
“1” in the DLC Receive Frame Status Register. 


Bit Residue—As data is shifted into the serial-to-parallel 
shift register, the bits ineach byte are counted. When the 
counter reaches eight, a byte of data is transferred into 
the receive FIFO. If a closing flag is detected and this 
count does not equal eight the NON-INT # BYTES RECV 
Status bit in the DLC Receive Frame Status Register will 
be set to “1” to indicate that a non-integer number of 
bytes has been received. When this occurs the 3-bit field 
(bits 2-0) in the DLC Residual Bit Status Control Regis- 
ter reports the number of data bits received at the time 


the closing flag was detected. This register is a delayed- 
reporting type register like the Receive Byte Count Reg- 
ister. The residue bits are right-justified before being 
placed in the receive FIFO. 


Transparent Mode —In Transparent Mode, all receive 
HDLC functions (i.e., flag/abort detection, CRC check- 
ing, and zero bit deletion) are bypassed. Two modes of 
operation are provided through the use of bit 6 and bit 7 
of the DLC Residual Bit Status Control Register. When 
the RECVER ENABLE bit in the DLC Command/Control 
Register is set to “1” data is loaded into the receive FIFO 
exactly as it is received. The FIFO operates normally. tn 
addition, if bit 6 of the DLC Residual Bit Status Control 
Register is set to “1,” the DLC Maximum Packet Receive 
Register is used to determine when the IDPC disables 
data reception. 


Transparent Mode 1—1f bit 6 and bit 7 of the DLC Re- 
sidual Bit Status Control Register are set to “1,” the 
number of bytes to be received, after the RECVER 
ENABLE bit inthe DLC Command/Control Register is 
set to “1,” is determined by the count programmed in 
the DLC Maximum Packet Receive Register. When 
the number of bytes loaded into the receive FIFO 
equals the programmed count further DMA requests 
are inhibited and, when the last byte is read from the 
FIFO, the VALID PACKET RECVD status bit in the 
DLC Interrupt Source Register is set to “1” to indicate 
that data reception is complete. 


Transparent Mode 2—Ilf bit 6 is reset to “0” and bit 7 is 
set to “1” in the DLC Residual Bit Status Control Reg- 
ister , the number of bytes received is controlled by the 
RECVER ENABLE bit in the DLC Command/Control 
Register. and the DLC Maximum Packet Receive 
Register is ignored. In this mode of operation, the DLC 
accumulates 8-bit characters and operates as in nor- 
mal mode of operation as long as the RECVER EN- 
ABLE bit is set to “1.” When this bit is reset to “O” fur- 
ther DMA requests are inhibited and, when the last 
byte is read from the FIFO, the VALID PACKET 
RECVD status bit in the DLC Interrupt Source Regis- 
ter will be set to “1” to indicate that data reception is 
complete. 


56 kb/s Mode: If bit 7 of the DLC Residual Bit Status 
Control Register is set to “1” and the DLC is programmed 
for multiplexed operation, the DLC receives data at a 56 
kb/s data rate instead of the normal 64 kb/s data rate. In 
this mode, the DLC receives 7 bits of data within an 8-bit 
time slot period, but always accumulates eight bits in the 
receive shift register before transferring it to the receive 
FIFO. 


Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) 

The IDPC’s USART provides a superset of the 8250 
UART features and supports both synchronous and 
asynchronous serial communications. The USART is ca- 
pable of fuil-duplex operation at speeds up to 64 kb/s us- 
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ing either the on-chip programmable Baud Rate Genera- 
tor or external clock sources. 


The USART consists of the following major circuits: 


USART Receiver 
USART Transmitter 
Modem Control Unit 
Interrupt Controller 
Baud Rate Generator 
Clock Selector Unit 


A simplified block diagram of the USART is shown in 
Figure 4. 


USART Receiver 

The receiver performs serial-to-parallel conversion, veri- 
fies framing, buffers the data in a FIFO, and detects 
break conditions, parity errors, and special characters. A 
maskable interrupt is generated if a parity error, framing 
error, or a break condition is detected. Data can be read 
out of the receive FIFO into external RAM memory under 
control of the external processor or DMA. 


Parity Checking—if the ENABLE PARITY bit (bit 3) in 
the USART Line Control Register is set to “1,” the parity 
generation/checking logic is enabled and parity is 
checked on all characters loaded into the receive FIFO. 
When the parity check bit generated by the receiver does 
not match the parity bit appended by the transmitter, the 
PARITY ERROR IN FIFO status bit in the USART Line 
Status Register is set to “1” and, if the RECV LINE 
STATUS bit in the USART Interrupt Enable Register is 
set to “1,” an interrupt will be generated when that char- 
acter is transfered to the receive FIFO. The CHAR w/ 
PARITY ERROR AVAIL status bit in the USART Status 
Register is then set to “1” when the character with the 
parity error reaches the output of the receive FIFO. No in- 
terrupt is generated by this bit. The selection of odd or 
even parity is made via bit 4 of the USART Line Control 
Register. Parity checking is available only in asynchro- 
nous mode. 


Stick Parity—Stick parity is a test mode that forces the 
parity bit to be generated and detected as the logical in- 
version of the USART Line Control Register bit 4 when 
USART Line Control Register bits 5 and 3 are set. For ex- 
ample, if bits 5, 4, and 3 are set then the parity bit is al- 
ways generated and detected as a “0.” If bits 5 and 3 are 
set and bit 4 is cleared then the parity bit is always gener- 
ated and detected as a “1.” 


Break Detection—Break Detection is performed in the 
asynchronous mode only. If the receive data input is held 
spacing (“0”s) for more than a full character time (start 
bit, data bits, parity bit, and stop bits), the USART sets 
the BREAK DETECT status bit (bit 4) in the USART Line 
Status Register to “1” and, if bit 2 in the USART Interrupt 
Enable Register, RECV LINE STATUS is set to “1” an in- 
terrupt is generated. 


Framing Error Detection—Frame errors are detected 
in only the asynchronous mode. In this mode, if a re- 
ceived character does not have a valid stop bit and a 
Break condition is not present, the USART reports a 
framing error by setting bit 3 of the USART Line Status 
Register. If bit 2 in the USART Interrupt Enable Register, 
RECV LINE STATUS, is set to “1” an interrupt is gener- 
ated. 


Receive Shift Register—The receive shift register pro- 
vides serial-to-parallel conversion for the serial data en- 
tering the Receive Data (RxD) pin. 


Receive FiFO—The receive FIFO is a 4-byte, 10-bit- 
wide buffer used for temporary storage of receive data 
from the receive shift register. The FIFO provides stor- 
age for 8 data bits, one special character flag, and one 
parity error flag. Parity and special character conditions 
are checked when data is loaded into the FIFO. 


The presence of a character with either a special charac- 
ter or parity error flag is reported in the USART Line 
Status Register. Maskable interrupts are generated 
when an error condition is detected. Data is read out of 
the FIFO fromthe receive FIFO Data Register. Only the 8 
data bits are accessible by the external processor or 
DMA controller. | 


While special character and parity error interrupts are 
generated when the character is loaded into the FIFO, 
the parity error present and special character available 
status bits (in the USART Line Status Register) are not 
set until the character is at the FIFO output. This allows 
the user to identify which character caused the interrupt. 


The receive FIFO Data Register is the equivalent of the 
Receive Buffer Register in the 8250 UART. The pres- 
ence of valid data in the receive FIFO Data Register is in- 
dicated by bit 0 (RECV DATA AVAIL bit) in the USART 
Line Status Register. 


Receive Overrun Error Detection—lf the receive FIFO 
is full when a newly received character is to be loaded 
into the FIFO, receive overrun error is reported via bit 1 
(RECV BUFFER OVERUN) in the USART Line Status 
Register, and, if the RECV LINE STATUS bit in the 
USART Interrupt Enable Register is set to “1,” an inter- 
rupt is generated. 


Receive Character Length—lf the USART Line Control 
Register is programmed to receive characters with fewer 
than 8 bits, the unused bit positions are filled with “O”s as 
the character is placed in the receive FIFO. 


Receive FIFO Timeout—lf the FIFO level is below the 
programmed threshold and no new characters are re- 
ceived within approximately 2048 receiver clocks, and, if 
the RECV FIFO TIMEOUT bit inthe USART Interrupt En- 
able Register is set to “1,” an interrupt is generated to in- 
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Figure 4. USART Simplified Block Diagram 


dicate that data is available in the FIFO. This function is 
available only in the asynchronous mode. 


Special Character Recognition Logic—Special char- 
acter recognition is performed by using the lower order 7 
bits of each received character as a pointer into a 128-bit 
RAM. if the addressed RAM bit has been programmed 
by the user to “1,” the SPCHL CHAR IN FIFO status bit 
(bit 7) in the USART Line Status Register is set to “1,” 
and, if the SPCHL CHAR bit (bit 5) in the USART Inter- 
rupt Enable Register is set to “1,” an interrupt is gener- 
ated. The SPCHL CHAR AVAIL status bit (bit 2) in the 
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USART Status Register is set when the special charac- 
ter reaches the output of the receive FIFO. 


Synchronous Mode—The synchronous mode of op- 
eration is enabled when the SYNC/ASYNC SELECT bit 
(bit 2) in the USART Control Register is set to “1.” In this 
mode of operation, the receiver clocks in data bits on 
each rising edge of the selected clock. Each 8 bits re- 
ceived are placed in the receive FIFO without regard for 
framing or breaks. This mode allows for transparent re- 
ception of a data stream, regardless of protocol. 





Am79C401 


1-87 








USART Transmitter 
The USART Transmitter consists of the following major 
Circuits: 


Transmit FIFO ‘ 
Parallel-to-Serial Shift Register 
Frame, Break, and Parity Generation Logic 


Transmit FiFO—The transmit FIFO serves as a buffer 
for data being moved from memory to the parallel-to- 
serial shift register. As the shift register becomes empty, 
the next character is moved from the FIFO to the paralle!l- 
to-serial shift register. 


When the number of bytes in the transmit FIFO becomes 
less than or equal to the programmed transmit threshold 
level in the USART Control Register (bits 6 and 5), the 
XMIT TRSHLD REACHD status bit (bit 5) in the USART 
Line Status Register is set to “1,” and , if the XMIT FIFO 
TRSHLD bit (bit 1) inthe USART Interrupt Enable Regis- 
ter is set to “1,” an interrupt is generated. 


Bit 5 inthe USART Line Status Register is the equivalent 
of the Transmitter Holding Register Empty in the 8250 
UART. 


Parallel-to-Serial Shift Register—The parallel-to- 
serial shift register converts parallel data from the FIFO 
into serial form for transmission. 


The shift register clock can come from either the Baud 
Rate Generator (BDCLKOUT) or from the RxCLK pin. 
The clock source for the shift register should be 16 times 
the data rate in asynchronous mode and the same as the 
data rate in synchronous mode. Bit 6 (XMIT SHIFT REG 
EMPTY) of the USART Line Status Register is set to “1” 
when the transmit FIFO is empty and the last bit of the 
transmit shift register has been shifted out. An interrupt is 
generated by this condition if the SHFTREG EMPTY bit 
(bit 6) in the USART Interrupt Enable Register is set 
to “1.” 


Frame, Break, and Parity Generation Logic—Frame 
generation takes place only inthe asynchronous mode of 
operation. The number of stop bits and character length 
are programmed via the USART Line Control Register. 
The same parameters apply to the receiver. Even, odd, 
and no parity can be selected via the USART Line Con- 
trol Register. 


Break Generation—The USART will generate a break 
condition (all “0”s) when bit 6 (BREAK) in the USART 
Line Control Register is set to “1.” When this bit is set the 
USART transmits a minimum 10 consecutive “O”s imme- 
diately after completing any character transmission in 
progress, and continues sending this pattern until the bit 
is cleared. When the bit is set and the current character 
being transmitted clears the shift register the transmit 
FIFO is cleared. When the bit is reset, the TxD pin will be 
returned High for at least one bit time before a new char- 
acter is transmitted. This allows the start bit of the new 
character to be generated. 


Modem Control Unit 

The USART contains modem handshake signals for use 
in controlling communications between the IDPC anda 
RS232 type terminal. The modem handshake signals in- 
clude: RTS, CTS, DSR, and DTR. 


RTS and DTR are outputs and are controlled by the local 
processor via bits 1 and 0 in the USART Modem Control 
Register, respectively. CTS and DSR are inputs and their 
status can be read via the USART Modem Status Regis- 
ter, bits 4 and 5 respectively. The Change in DSR and 
Change in CTS bits in the Modem Status Register indi- 
cate pin status since the USART Modem Status Register 
was last read. A maskable Modem Status Interrupt is 
generated if bit 3 of the USART Interrupt Enable Register 
and either bit 1 or bit 0 of the USART Modem Status Reg- 
ister are set. The Change in DSR and Change inCTS bits 
are cleared when the USART Modem Status Register is 
read. 


Interrupt Controller 

The USART interrupt controller issues an interrupt re- 
quest to the external processor if an interrupt occurs and 
that particular interrupt is enabled inthe USART Interrupt 
Enable Register. The interrupt request remains active 
until the source of the interrupt is cleared. Bits 1,2, and3 
of the USART Interrupt Identification Register define the 
source of the interrupt. Bit 0, when cleared, indicates that 
an interrupt is pending. 


Baud Rate Generator 

The USART Baud Rate Generator is a programmable 
16-bit divider that receives its input from the USARTCLK 
pin and can provide the clock to the USART transmitter 
and receiver. The Baud Rate Generator is configured by 
loading the USART Baud Rate Divisor LSB and MSB 
Registers. These registers are accessed by setting the 
DIV LATCH ACCESS BIT (bit 7 in the USART Line Con- 
trol Register) and then writing to USART hexadecimal 
addresses 20 and 21 (USART Data Registers and Inter- 
rupt Enable Register addresses when the DIV LATCH 
ACCESS BIT is cleared). 


In asynchronous mode, the Baud Rate Generator must 
be programmed to a value 16 times the data rate. The 
output of the Baud Rate Generator is fed to the USART 
transmitter and receiver and BDCLKOUT pin. Program- 
ming the Baud Rate Generator to divide-by-1 passes the 
USARTCLK unaffected. An internal divide-by-16 circuit 
generates the appropriate clock rate for the transmitter. 


Clock Selector Unit 

The sources of the transmitter and receiver clocks are in- 
dependently selectable. For example, when bit 0 is set to 
“1” inthe USART Control Register, the Receiver uses the 
output of the Baud Rate Generator for its clock. When bit 
0 is cleared, the RxCLK input is used. The same options 
apply to the transmitter, except in this case, bit 1 in the 
USART Control Register specifies the clock source. 
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Dual-Port Memory Controller (DPMC) 

The DPMC permits the use of shared memory in a multi- 
processing environment. The local processor ex- 
changes data with the host processor via shared mem- 
ory and interprocessor hardware interrupts. The local 
processor also accesses any device on the IDPC exter- 
nal bus. The host processor can only access the RAM on 
the IDPC external bus. Any contention between the local 
processor and the host processor is arbitrated by the 
DMPC logic internal to the IDPC, providing for transpar- 
ent access to shared memory. Both processors commu- 
nicate via memory-resident data buffers and “mail- 
boxes.” An inter-processor interrupt scheme notifies the 
other processor when one of the processors has written 
data to a buffer or a command to a mailbox. 


Functionally, the Dual-Port Memory Controller consists 
of the following major circuits: 


Memory Cycle Arbitration and Control 
Buffer/Latch Control 
Inter-processor Interrupt Controller 


A simplified block diagram of the Dual-Port Memory Con- 
troller is shown in Figure 5. 


Memory Cycle Arbitration and Control 

The DPMC generates the cycle timing for all accesses to 
shared RAM. The length of each cycle is fixed and inde- 
pendent of the cycle times of either the local or host proc- 
essors. This logic generates memory cycles in response 
to processor requests. In case of conflicting requests, 
the logic arbitrates the conflict, granting the first memory 
access cycle to one processor while holding off the other 






processor via the appropriate ready line. The DPMC al- 
ways arbitrates in favor of the local processor (L-port). If 
a request from the host port (H-port) is present during a 
local memory cycle, the host processor is granted the 
next memory cycle. 


Buffer/Latch Control 

The Buffer/Latch Control logic performs such functions 
as enabling RAM output drivers, enabling data bus 
latches, and generating RAM cycle timing. 


Inter-Processor Interrupt Controller 

The inter-processor interrupt controller provides for in- 
ter-processor interrupts via the Semaphore Register. 
The Semaphore Register is located in the IDPC and is 
used to coordinate inter-processor interrupts. The local 
processor can access the Semaphore Register directly, 
but the host processor cannot (access is provided via 
strobes to specific pins on the IDPC). 


For a local-to-host-processor interrupt, the local proces- 
sor writes a “1” in bit 0 of the Semaphore Register. When 
this bit is set, the Interrupt Controller activates the Host 
Interrupt Out (HINTOUT) pin. The host then responds by 
pulsing the Host Interrupt Acknowledge (HINTACK) line, 
clearing the bit and thus the interrupt. 


A host-to-local-processor interrupt is initiated when the 
host pulses the Host Interrupt In (HINTIN) pin. When this 
happens, Bit 1 in the Semaphore Register is set, activat- 
ing the Local Interrupt Out (LINTOUT) line. The local 
processor then acknowledges the interrupt by clearing 
bit 1 in the Semaphore Register. 
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Figure 5. Dual-Port Memory Controller (DPMC) 
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Figure 6. Inter-Processor Interrupt Structure 


Programmable Features 


The IDPC is controlled via internal registers that are writ- 
ten and read by software running on the local processor 
connected to the IDPC external bus. These internal reg- 
isters may be mapped into either memory or I/O space. 


The internal registers occupy a 64-byte block located in 
the local processor’s memory address space. The start- 
ing address of the memory block is determined by ad- 
dress decode logic (external to the IDPC) that is used to 
generate the IDPC chip select signal (CS). The registers 
and their respective memory offset values are provided 
in Tables 1-4. 


In systems containing more than one processor (e€.g., a 
workstation application with host processor and local 
processor), only the local processor can access the 
IDPC registers. The host processor, however, can con- 
trol IDPC operations indirectly by issuing requests to the 
local processor via shared memory supported by the 
IDPC’s Dual Port Memory Controller. 


The programmable registers are used for establishing 
modes of operation, configuring the IDPC, and monitor- 
ing/reporting status. 


Tabie 1. IDPC Address Map 


Data Link Controller (DLC) 


DLC Transmitter 


The programmable features associated with the DLC 
transmitter include: 


Transmit Enable—the transmitter may be discon- 
nected from the output pin (SBOUT), leaving other 
transmit functions intact. 


Abort Generation—interrupts a frame and places the 
transmitter in the abort condition. 


Flag/Mark Idle—either condition may be selected as 
an idle state between frames. 


CRC Generation—may be enabled or disabled. 


FIFO Threshold—user selectable threshold of 0 to 15 
bytes. When the level of the transmit FIFO falls to this 
level or below, status is reported and a DMA requestis 
generated. 


Transparent Mode—transmit HDLC control functions 
(i.e., flag generation, CRC generation, abort genera- 
tion, and zero bit insertion) are disabled and data is 
sent as received from the transmit FIFO. 


Interrupts—the following transmitter-related interrupts 
can be selectively enabled or disabled: 





mb ai ree © Valid Packet Sent 
20-2A USART e FIFO Buffer Available 
2B-3E Reserved e Transmit Threshold Reached 
3F DPMC e Transmit Underrun 
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DLC Receiver 
The DLC receiver programmable features include: 


Receiver Enable—when disabled, the receive data in- 
put pin (SBIN) is disconnected leaving other receiver 
functions intact. 


CRC Check—selectively enables or disables the in- 
ternal CRC compare operation. 


CRC Pass-Thru—the FCS field can be placed into the 
receive FIFO with the data. 


Address Recognition—program any combination of 
four unique one- or two-byte addresses and the 
broadcast address, performing address filtering on all 
incoming packets. In the 1-byte mode, either the first 
or second byte can be selected. In addition, the Com- 
mand/Response bit (bit 1 of the first byte) can be ig- 
nored. 


Minimum Packet Size—defines the minimum packet 
size in use. A short frame error is indicated if a packet 
is received containing fewer than the programmed 
number of bytes (0-15 bytes). 


Maximum Packet Size—defines the maximum packet 
size in use. This prevents buffer overruns in the event 
of lost flags or protocol violations (65,536 bytes). 


FIFO Threshold—select threshold of 2 to 32 bytes. 
When the level of the receive FIFO reaches this level 
or above, Status is set (unless the last byte of a packet 
has already been read from the FIFO and status for 
that packet has not yet been read by the user) anda 
DMA request is generated. This forms an interlock 
that maintains synchronization between packet status 
and data. 


Transparent Mode—receive HDLC related control 
functions (i.e., abort detection, CRC generation and 
checking, flag detection, and zero bit deletion) are dis- 
abled and data is received unaltered. 


56 kb/s Mode—data is received at a 56 kb/s data rate 
instead of the usual 64 kb/s rate while in multiplex 
mode. 


Interrupts—the following DLC receiver interrupts may 
be selectively enabled or disabled: 


e Valid Packet Received 

e Abort Received 

e Non-Integer Number of Bytes Received (bit 
residual) 

e Receive Data Available 

e End-of-Packet in Receive FIFO 


DLC Transmit/Receive Options 


The following programmable options affect both the DLC 
transmitter and receiver: 


Data Inversion—the output of the transmitter and the 
input of the receiver are inverted when this option is 
selected. 


Channel Selection—up to 31 8-bit time slots for multi- 
plexing transmitted serial data and demultiplexing re- 
ceived serial data may be chosen. In non-multiplexed 
mode, received serial data is continuous and the SFS/ 
XMITCLK pin is used as a transmit clock input inde- 
pendent of the receive clock input. 


Local Loopback—the DLC can be programmed to 
route transmitted data to the receiver for diagnostic 


purposes. 


Remote Loopback—the DLC can be programmed to 
route received data to the transmit data output for re- 
mote testing capabilities. 


Reset—a software reset can be generated to stop all 
functions, clear the FIFOs, and set all registers to their 
default values. 


Delayed Status Reporting 

The DLC contains several registers that report status ina 
delayed fashion (see Figure 7). The Receive Frame 
Status Register, Receive Byte Count Register, Receive 
Link Address bit field (bits 2-0 of the Interrupt Source 
Register), and the Receive Field of the Residue Status 
Control Register (bits 2—0 require this specific implemen- 
tation in order to support the reception of contiguous 
(back-to-back) frames. These registers, and residue bit 
fields, maintain a “history” of frame status, and byte 
counts of up to three previously received frames while a 
fourth frame is actually being received. This allows 
status storage for up to 4 frames. 


Each of these registers and bit fields are comprised of 
the following four stages: current, holding, master, and 
slave. 


As shown in Figure 7, stage 1 holds the current status of 
the frame presently being receivedon the link. This stage 
is updated with the current DLC receiver status as 
changes occur in real-time. 


Stage 1 is transferred to stage 2 when stage 2 is empty 
and the last byte of another packet is transferred to the 
DLC receive FIFO. If stage 2 is not empty, then stage 1 
retains its status. When stage 1 has transferred to stage 
2, stage 1 is free to acquire status of the next packet. 


Stage 2 status is transferred to stage 3 as soon as stage 
3 becomes empty, allowing status to move from stage 1 
to stage 2. 


Stage 3 status is transferred to stage 4 (which is the ac- 
tual status register read by user software) when stage 4 
is empty and the last byte of a packet is received. If stage 
4 is not empty, then stage 3 retains its status. Stage 4 is 
cleared when read by software or when DLC reset oc- 
curs. 


The frame status can back up. If stage 4 has not been 
read when an event occurs that would cause stage 3 to 
be transferred to stage 4, stage 3 is not transferred to 
stage 4. What happens is as follows: existing stages 1, 2, 
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Out of Frame 


Minimum 
Packet 
Size Counter* | Stage 
: 
Detector | Stage 2 Register 


In Frame 


Stage 3 Register 


ig 


User-Visible Receive ; 
Frame Status Register Stage 4 Register 
Interrupt 

Enable 


€ i 


Interrupt Source 
Register 


DLC Interrupt 


Enable Receive 
Frame Interrupt 


*Minimum packet size is used as one possible example. 
09360B-—10 


Figure 7. Four-Stage Delayed Status Mechanism 


3, and 4 are not disturbed, the DLC receiver freezes Note: If the various delayed-stacked status registers 
stage 1 and data at the SBIN pin is ignored. have not been read since the Interrupt Source 
Register was last read, and the LSB of the Re- 
ceive Byte Count Register is read, these status 
registers will be cleared. This ensures that the 


Additional received packets are lost until stage 4 is read. 
As soon as stage 4 is read, stage’3 is transferred to stage 
4, stage 2 moves to stage 3, and stage 1 is transferred to : ; nt ; :; 
stage 2. At this point, the DLC receiver logic enters a ee = o Bae a ae a ie 
“hunt-for-flag” state, and frame reception can begin 

again. Detailed Description of User-Visible DLC Registers 


" The DLC contains 23 registers, as shown in Table 2. 
The valid and invalid packet received bits of the DLC In- 9 


terrupt Source Register are also reported in a delayed 
fashion. 
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Table 2. DLC Registers 


Offset Size 
(Hex) Register Name (Bytes) Type 

00 Command/Control Register 1 Read/Write 
01 Address Control Register 1 Read/Write 
02 Link Address Recognition Register 0 2 Read/Write 
04 Link Address Recognition Register 1 2 Read/Write 
06 Link Address Recognition Register 2 2 Read/Write 
08 Link Address Recognition Register 3 2 Read/Write 
OA Serial Bus Port Control Register 1 Read/Write 
0B Minimum Receive Packet Size Register 1 Read/Write 
0C Maximum Receive Packet Size Register 2 Read/Write 
OE Interrupt Source Interrupt Enable Register 1 Read/Write 
OF Receive Frame Interrupt Enable Register 1 Read/Write 
10 Receive Link Interrupt Enable Register 1 Read/Write 
11 FIFO Status Interrupt Enable Register 1 Read/Write 
12 Transmit Byte Count Register 2 Read/Write 
14 FIFO Threshold Register 1 Read/Write 
15 Interrupt Source Register 1 Read Only 
16 Receive Byte Count Register 2 Read Only 
18 Receive Frame Status Register 1 Read Only 
19 Receive Link Status Register 1 Read Only 
1A FIFO Status Register 1 Read Only 
1B Receive FIFO Data Register 1 Read Only 
1C Transmit FIFO Data Register 1 Write Only 
1D Residual Bit Control Status Register 1 Read/Write 
1E-1F Reserved 2 ~ 


DLC Command/Control Register (00 HEX) 
This register is used to control basic transmitter and receiver functions. 


Bit 7: FCS Pass-Thru Enable 


ee 

ENABLE 
CRC 

GENER. 


ENABLE 
FCS 
PASS- 
THRU 


ENABLE 


CRC 
CHECK 





(Default = 0)—The Bit 


2 | 1 0 
RECVER XMIT SEND 
ENABLE | ENABLE ABORT 


FLAG/ 
MARK 
IDLE 


SELECT 


5: CRC Generate Enabie (Default = 1)—If this bit 





Bit 6: 


Frame Check Sequence (CRC) bytes will be 
transferred to the receive FIFO if this bit is set to 
“1”; otherwise, they will be discarded by the DLC. 


DLC Reset (Default = 0)—When this bit is set to 
“1,” all DLC FIFOs, latches and status/control bits 
are forced to their default values. A delay of ten 
Master Clock (CLK) cycles is required before any 
DLC registers can be accessed, after resetting 
the DLC. 


is set to “1,” the frame is terminated by appending 
the calculated CRC bytes and closing flag to the 
last byte of a packet in the transmit FIFO. If it is 
cleared to “O,” the frame is terminated by append- 
ing the closing flag to the byte last byte of a 
packet. 
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Bit 4: CRC Check Enable (Default = 1)—If this bit is 
set to “1,” then on reception of the closing flag, the 
result of the CRC check is transferred to the CRC 
Error bit (bit 2) in the Receive Frame Status Reg- 
ister; otherwise, the CRC result is ignored. 


Bit 3: Flag/Mark Idle (Default=0)—This bit deter- 
mines what the transmitter sends when not in- 
frame. If it is set to “1,” a flag pattern (01111110) 
is sent. If it is reset to “0,” a mark pattern 
(11111111) is sent. 


Bit 2: Receiver Enable (Default = 0)—When this bit is 
set to “1” data is clocked into the Serial Bus Port; 
otherwise, the DLC receiver is disabled and data 
on the SBIN pin is ignored. 


Note that if this bit is cleared while the DLC receiver is in 
the process of receiving a frame (i.e., the receiver is in- 
frame), the SBIN pin will not be disabled until the closing 
flag of the frame being received is detected. 


DLC Address Control Register (01 HEX) 

All bits in the DLC Address Control Register are set and 
cleared by software except when initialized to default val- 
ues as the result of a reset. 


The DLC Address Control Register can be written and 
read by the local processor. When all link address enable 
bits (bits 3-0) and the broadcast enable bit (bit 4) are 
cleared to “0,” the DLC does not perform address detec- 


FIRST/ ENABLE 1-2 
BYTE 
ADDR 


SELECT 


SECOND C/R 


BYTE BIT 
SELECT CMPARE 


Bit 7: First/Second Byte Selection (Default= 0)— 
This bit is ignored unless bit 5 of this register is set 
to “1.” When this bit is set, only the second byte is 
monitored by the address recognizers (first eight 
bits are don’t cares). When this bit is cleared, only 
the first byte is examined. 


Bit 6: C/R Address Enable (Default = 0)—At least one 
of the enable bits (4-0) must be set for this bit to 
have any effect on DLC operation. 


If any of the enable bits are set, and the C/R address en- 
able bit is cleared, then bit 1 of the first address byte of 
each received frame will be ignored. 


If this bit is set, then bit 1 of the first received frame ad- 
dress byie must Compare successfully along with the 
other address bits for address recognition to occur. 


Bit 5: Address Size 1-2 (Default = 0)—At least one of 
the enable bits (4—0) must be set for this bit to 
have any affect on DLC operation. 


ENABLE 
BRDCST 
ADDR 
DETECT 





Bit 1: Transmitter Enable (Default = 0}—When set to 
“4,” data from the DLC is shifted out the SBOUT 
pin under control of SCLK or SFS/XMITCLK; oth- 
erwise, the SBOUT pin is disabled. 


Note that if this bit is cleared while in the process of send- 
ing aframe, the DLC will complete sending the frame be- 
fore disabling the SBOUT pin. 


Bit 0: Send Abort (Default = 0)—When set to “1,” the 
DLC transmitter abort generator transmits abort 
characters (01111111, LSB on right). If this bit is 
set and cleared on two successive writes, the 
DLC will transmit at least one abort character. 
The transmitter will continue to send these abort 
patterns for as long as this bit is set. Abort charac- 
ters are always sent in whole bytes. 


Note that when this bit is set the DLC transmit FIFO, DLC 
byte counter, andthe DLC Transmit Byte Count Register 
will be cleared. 


tion, and passes all received frame bytes to the DLC re- 
ceive FIFO. In this case, bits 7-5 are ignored. 


If one or more of the link address enable bits (bits 4—0) 
are set, then a successful link address compare must oc- 
cur before any frame bytes can be transferred to the DLC 
receive FIFO. 


ENABLE ENABLE 
ADDR ADDR ADDR ADDR 
DETECT DETECT DETECT DETECT 


3 2 1 0 


ENABLE ENABLE 


lf any of the enable bits are set and bit 5 is cleared, then 
the first two address bytes of each received frame will be 
compared. 


If bit 5 is set to “1,” only one byte is compared (bit 7 speci- 
fies whether the first or second byte is compared). 


Bit 4: Broadcast Address Enable (Default = 1)— 
When set to “1,” this bit enables comparison of a 
receive frame address with an all “1”s (broadcast 
address) register. The comparison is conditioned 
by bits 7-5 of this register. When bits 4—0 are 
cleared, address detection by the DLC is inhib- 
ited. If bit 4 is cleared to a zero and one or more of 
the enable bits (3-0) is set, then the all “1”s pat- 
tern is ignored. 


Bit 3: Address Register 3 Enable (Default = 0)—Link 
address 3 enable. 


Bit 2: Address Register 2 Enable (Default = 0)—Link 
address 2 enable. 
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Bit 1: Address Register 1 Enable (Default = 0)—Link 


address 1 enable. 


Address Register 0 Enable (Default = 0)—Link 
address 0 enable. 


Bit 0: 


Note: When set to “1,” bits 3-0 enable comparison of 
a received frame address with the contents of the DLC 


Link Address Recognition Registers 0 through 3, 
respectively. 


The comparison of a received frame address with the 
contents of all enabled Address Recognition Registers is 
conditioned by bits 7~5 of this register. 


DLC Link Address Recognition Registers (02-03, 04-05, 06-07, O8—09 Hex) 


These four registers are two bytes wide with the LSB 
having the lower address. The LSB of each pair corre- 
sponds to the second byte following the flag. The MSB 
corresponds to the first byte following the flag. 


All of the bits in the four Link Address Recognition Regis- 
ters are set and cleared by software except when initial- 
ized to “O”s by a DLC reset or IDPC reset. 


DLC Serial Bus Port Control Register (OA HEX) 


Each of these four registers has a corresponding enable 
bit in the DLC Address Control Register (bits 3-0). If the 
corresponding enable bit is set, then the value in the Link 
Address Recognition Register is conditioned by bits 7-5 
of the DLC Address Control Register. Default = Hex 
0000. 


All bits inthe Serial Bus Port Control Register are set and cleared by software, except when initialized to default values 
by a DLC reset or IDPC reset. This register can be written and read by the local processor. 


ENABLE CHAN 


REMOTE 


ENABLE 
LOCAL 
LOOP 
BACK 


INVERT 
DATA 


LOOP 
BACK 


MSB 


Bit 7: Remote Loopback Enable (Default = 0)—This 
bit is set to enable loopback for diagnostic pur- 
poses. When set, the SBIN pin is connected di- 
rectly to SBOUT. In this manner, receive data is 
presented to SBOUT as transmitted data. In this 
mode, the appropriate receive clock is SCLK. Re- 
ceive data may be presented to the DLC receiver 
depending on the setting of the receive enable 
bit. 


Local Loopback Enable (Default = 0)—This bit 
is setto enable loopback for diagnostic purposes. 
When set, the transmit data path (SBOUT) is 
connected internally to the receive data path 
(SBIN is disconnected). The selected transmit 
Clock (either SCLK or SFS/XMITCLK) is used for 
both the transmit and receive clocks. 


Bit 6: 


Bit 5: Data Invert (Default = 0)—If this bit is set to “1,” 
the serial bit stream being sent or received is in- 
verted at the SBOUT and SBIN pins, respec- 
tively. If it is cleared to “O” no inversion takes 


place. 


SELECT 





CHAN CHAN CHAN CHAN 
SELECT SELECT SELECT SELECT 
= — = LSB 


Bits 4-0: Channel Select—These five bits select Serial 
Bus Port time slots for multiplexing transmitted 
serial bit streams/de-multiplexing received serial 


bit streams. 
Bit Channel 
4 3 2 1 O Selection 
0 0 0 0 0 Channel 0 
0 0 0 0 0 Channel 1 
0 0 0 1 =O Channel 2 
1 1 { 1 O Channel 30 


1 $14 1 «41 Non-Multiplex Mode 

In non-multiplexed mode, a single channel is available 
with the receiver clocked by the SCLK pin and the trans- 
mitter clocked by the SFS/XMITCLK pin. For all settings 
except non-multiplexed, both the transmitter and the re- 
ceiver are clocked by the SCLK pin. 


If the SFS/XMITCLK pin is held active through the first bit 
time of time slot 1 in multiplex mode, data in time slot 0 
and 1 canbe transmitted, and received 16 bits at a time. 





Am79C401 


1-95 





DLC Minimum Receive Packet Size Register (OB Hex) 
This register specifies the Minimum Receive Packet Size. 


7 | 6 5 | 4 
56 kb/s 
MODE | | 


Bit 7: 56 kb/s Mode Enable—This bit enables the DLC 









MIN PKT MIN PKT MIN PKT MIN PKT 
SIZE SIZE SIZE SIZE 





MSB _ — LSB 


transmitter and receiver to transmit and receive Bit Minimum 
data at a 56 kb/s data rate instead of the usual 64 3.2 1 «#0 Packet Size 
kb/s rate. 
0001 1 Byte 
Bits 6—4: Not used and must be cleared to “0.” 001 0 2 Bytes 
Bits 3-0: Minimum Receive Packet Size (Default = ae ee 3 Bytes 
Hex 5)}—Bits 3-0 of this register are set and 1444 15 Bytes 
cleared by software except when initialized to a 000 0 Not Used 


default value by a DLC reset or IDPC hardware 
reset. This register indicates the minimum packet 
length (exclusive of opening and closing flags) 
that can be received without generating a short 
frame error in the Receive Frame Status Regis- 
ter. 


Note: Although reception of packets containing only 1, 
2, or3 bytes can be programmed, a minimumof3 
bytes must be received before data is moved into 
the FIFO and the packet is reported. 


At the time that the short frame interrupt is generated, the 
Receive Byte Count Register reflects the number of 
bytes in the short frame. 





DLC Maximum Receive Packet Size Register (OC(LSB) - OD(HSB) Hex) (Default = 0000 Hex) 


This register indicates the maximum packet length (ex- 
Cclusive of opening and closing flags) that can be received 
without generating a long frame error in the Receive 
Frame Status Register. The value programmed into the 
register should be equal to the desired packet size minus 
three. 


Note that the receive byte counter is incremented on 
8-bit boundaries and therefore is compared with the 
Maximum Receive Packet Size register each time a 
character is transferred from the receive shift register to 
the receive FIFO. The LONG FRAME ERROR status bit 


(bit 4) in the DLC Receive Frame Status Register will be 
set to “1” when the programmed value is exceeded. 
When this occurs, the state of the ENABLE FCS PASS- 
THRU ENABLE bit (bit 7) in the DLC Command/Control 
Register will determine the total number of characters 
passed to system memory. If this bit is set to “1,” the total 
number of characters passed through to the receive 
FIFO and system memory will equal to the maximum 
count programmed plus 3. If this bit is reset to “0,” the 
maximum characters transferred will equal the maxi- 
mum count programmed plus 1. 


DLC Interrupt Source Interrupt Enable Register (OE Hex) 


ENABLE 
RECVR 


ENABLE 
FIFO 
STATUS 


ENABLE 
RECV 
FRAME 
STATUS 


ENABLE 
VALID 
PACKET 
SENT 


ENABLE 
VALID 
PACKET 
RECVD 


LINK 
STATUS 





Bits 4 and 3 provide single-level interrupt enable/disable 
control for valid packet received and valid packet sent 
status conditions. For bits 7-5, the Interrupt Source In- 


terrupt Enable Register contains the first-level enable of 
a two-level interrupt enable structure. Bits 7—5 enable 
three corresponding Interrupt Enable Registers: 
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Receive Frame Interrupt Enable Register 
Receive Link Interrupt Enable Register 
FIFO Status Interrupt Enable Register 


The valid packet received and valid packet sent inter- 
rupts have a single-level interrupt enable structure (bits 3 
and 4 of the Interrupt Source Interrupt Enable Register). 


When an event occurs that causes a bit to be set in one of 
the three status registers (Receive Frame, Receive Link, 
and FIFO Status Registers), and both levels of status in- 
terrupt enable are set to “1,” the DLC interrupt is gener- 
ated and the bit corresponding to that register is set inthe 
DLC Interrupt Source Register. Unless both levels of in- 
terrupt enable are set, no interrupt is generated. 


Bit 7: Enable Receive Link Status (Default = 0)— 
This bit is set as the first level of enable for the 
Receive Link Status Enable Register. If a status 
bit is set inthe Receive Link Status Register, and 
the corresponding bit is set in the Receive Link 
Status Interrupt Enable Register, and bit 7 of this 
register is set, an interrupt is generated and bit 7 
of the Interrupt Source Register is set to indicate 
the interrupt originated in the Receive Link Status 
Register. 


Bit6: Enable FIFO Status Interrupt (Default = 0)— 
This bit is set as the first level of enable for the 
FIFO Status Interrupt Enable Register. If a status 
bit is set in the FIFO Status Register, and the cor- 
responding bit is set in the FIFO Status Interrupt 
Enable Register, and bit 6 of this register is set, 
an interrupt is generated and bit 6 of the Interrupt 
Source Register is set to indicate the interrupt 
originated in the FIFO Status Register. 


Bit 5: Enable Receive Frame Status Interrupt (De- 
fault = 0)—This bit is set as the first level of en- 
able forthe Receive Frame Interrupt Enable Reg- 
ister. lf a status bit is set in the Receive Frame 
Status Register, and the corresponding bit is set 
in the Receive Frame Interrupt Enable Register, 
and bit 5 of this register is set, an interrupt is gen- 
erated and bit 5 of the Interrupt Source Register 
is set to indicate the interrupt originated in the Re- 
ceive Frame Status Register. 


Bit 4: Enable Valid Packet Sent Interrupt (Default = 
0)—li this bit is set and the valid packet sent bit is 
set in the Interrupt Source Register, a DLC inter- 
rupt is generated. If this bit is cleared, setting of 
the valid packet sent bit in the Interrupt Source 
Register does not generate an interrupt. 


Bit 3: Enable Valid Packet Received Interrupt (De- 
fault = 0)—If this bit is set and the valid packet re- 
ceived bit is set inthe Interrupt Source Register, a 
DLC interrupt is generated. If this bit is cleared, 
setting of the valid packet received bit inthe Inter- 
rupt Source Register does not generate an inter- 
rupt. 


Bits 2—0:—Not used and must be cleared to “0.” 





DLC Receive Frame Interrupt Enable Register (OF Hex) 

The Receive Frame Interrupt Enable Register contains a bit-for-bit image of the Receive Frame Status Register. If a 
status bit is set in the Receive Frame Status Register corresponding to a set bit in the Receive Frame Interrupt Enable 
Register, and bit 5 of the first-level enable register (Interrupt Source Interrupt Enable Register) is set, a DLC interruptis 
generated and bit 5 of the Interrupt Source Register is set indicating the interrupt originated in the Receive Frame 
Status Register. 


ENABLE 


ENABLE 
LONG 
FRAME 
ERROR 


ENABLE 
SHORT 
FRAME 


ENABLE 
CRC 
ERROR 


ENABLE 
NON-INT 
# BYTES 
ERROR 


ENABLE 
ABORT 
RECVD 


OVRRUN 
ERROR 





Bits 7-6:—Not used and must be cleared to “0.” 


Bit 5: Enable Overrun Error Interrupt (Default = 0) 
— lf the first level of interrupt (Interrupt Source In- 
terrupt Enable Register, bit 5) is set, setting this 
bit enables a DLC interrupt if the overrun error bit 
(bit 5) is set in the Receive Frame Status Regis- 
ter. 
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ERROR 


Bit 4: Enable Long Frame Error Interrupt (Default = 
0)—If the first level of interrupt (Interrupt Source 
Interrupt Enable Register, bit 5) is set, setting this 
bit enables a DLC interrupt if the long frame error 
bit (bit 4) is set in the Receive Frame Status Reg- 
ister. 
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Bit 3: Enable Short Frame Error interrupt (Default= Bit 1: Enable Non-Integer Number Bytes Received 


0)—lf the first level of interrupt (Interrupt Source Interrupt (Default = 0)—If the first level of inter- 

Interrupt Enable Register, bit 5) is set, setting this rupt (Interrupt Source Interrupt Enable Register, 

bit enables a DLC interrupt if the short frame error bit 5) is set, setting this bit enables a DLC inter- 

bit (bit 3) is set inthe Receive Frame Status Reg- rupt if the non-integer number bytes received bit 

ister. (bit 1) is set in the Receive Frame Status Regis- 
ter. 


Bit 2: Enable CRC Error Interrupt (Default = 0)—If 
the first level of interrupt (Interrupt Source Inter- Bit 0: Enable Abort Received Interrupt (Default = 


rupt Enable Register, bit 5) is set, setting this bit 0)—lf the first level of interrupt (Interrupt Source 

enables a DLC interrupt if the CRC error bit (bit 2) Interrupt Enable Register, bit 5) is set, setting this 

is set in the Receive Frame Status Register. bit enables a DLC interrupt if the abort received 
bit (bit 0) is set in the Receive Frame Status Reg- 
ister. 


DLC Receive Link Interrupt Enable Register (10 HEX) 
This register is used to enable/disable interrupts from the Receive Link Status Register (Default = 0). 


ENABLE ENABLE {| ENABLE 
IN-FRAME FLAG MARK 


IDLE IDLE 
RECVD RECVD 





Bits 7-3:—Not used and must be cleared to “0.” Bit 0: Enable Change In Mark Idle Received Inter- 
rupt (Default = 0)—If the first level of interrupt 
(Interrupt Source Interrupt Enable Register, bit 7) 
is set, setting this bit enables a DLC interrupt if 
the change in mark idle received bit (bit 0) is set in 
the Receive Link Status Register. 


Bit 2: Enable Change In In-Frame Interrupt (Default 
= 0)—lf the first level of interrupt (Interrupt 
Source Interrupt Enable Register, bit 7) is set, 
setting this bit enables a DLC interrupt if the 
change in in-frame bit (bit 2) is set in the Receive 
Link Status Register. 


Bit 1: Enable Change In Flag Idle Received Interrupt 
(Default = 0)—If the first level of interrupt (Inter- 
rupt Source Interrupt Enable Register, bit 7) is 
set, setting this bit enables a DLC interrupt if the 
change in flag idle received bit (bit 1) is set in the 
Receive Link Status Register. — 





DLC FIFO Status Interrupt Enable Register (11 HEX) 
This register is used to enable/disable interrupts from the 
FIFO Status Register (Default = 0). 


ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE 
EOP XMIT XMIT XMIT RECV RECV 


RECV UNDRUN BUFFER TRSHLD DATA TRSHLD 
FIFO REACHD AVAIL REACHD AVAIL REACHD 
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Bits 7-6:—Not used and must be cleared to “0.” 


Bit 5: Enable EOP in Receive FIFO Interrupt (De- 
fault = 0}—If the first level of interrupt (Interrupt 
Source Interrupt Enable Register, bit 6) is set, 
setting this bit enables a DLC interrupt if the EOP 
in receive FIFO bit (bit 5) is set inthe FIFO Status 
Register. 


Bit 4: Enable Transmit Underrun Interrupt (Default 
=0)—If the first level of interrupt (Interrupt 
Source Interrupt Enable Register, bit 6) is set, 
setting this bit enables a DLC interrupt if the 
transmit underrun bit (bit 4) is set in the FIFO 


Status Register. 


Bit 3: Enable Transmit Buffer Available Interrupt 
(Default = 0)—If the first level of interrupt (Inter- 
rupt Source Interrupt Enable Register, bit 6) is 
set, setting this bit enables a DLC interrupt if the 
transmit buffer available bit (bit 3) is set in the 


FIFO Status Register. 


Bit 2: Enable Transmit Threshold Reached Inter- 
rupt (Default = 0)—/f the first level of interrupt 
(Interrupt Source Interrupt Enable Register, bit 6) 
is set, setting this bit enables a DLC interrupt if 
the transmit threshold reached bit (bit 2) is set in 
the FIFO Status Register. 


Bit 1: Enable Receive FIFO Data Available Interrupt 
(Default = 0)—/f the first level of interrupt (Inter- 
rupt Source Interrupt Enable Register, bit 6) is 
set, setting this bit enables a DLC interrupt if the 
receive FIFO data available bit (bit 1) is set in the 


FIFO Status Register. 


Bit 0: Enable Receive Threshold Reached Interrupt 
(Default = 0)—If the first level of interrupt (Inter- 
rupt Source Interrupt Enable Register, bit 6) is 
set, setting this bit enables a DLC interrupt if the 
receive threshold reached bit (bit 0) is set in the 


FIFO Status Register. 


DLC Transmit Byte Count Register (12 (LSB) — 13(MSB) Hex) (Default = 0) 


This register is written by software when the number of 
bytes to be transmitted is different from the current value 
stored in the Transmit Byte Count Register (exclusive of 
opening and closing flags and FCS bytes). 


The register contents are written to the transmit byte 
counter whenever software writes the least significant 
byte of this register pair (if the transmitter is out of frame), 
or when the last byte of a packet is loaded from the trans- 


Transmit Byte Count Decode: 


15 14 13 12 11 





DLC FIFO Threshold Register (14 Hex) 


mit FIFO into the parallel-to-serial shift register. If a write 
to this register occurs as the last byte of a packet is being 
loaded, the transfer to the transmit byte counter is de- 
layed until the write is complete. The MSB of the this reg- 
ister must be written first because the transmit byte 
counter is loaded immediately after the LSB of this regis- 
ter is written. A transmit FIFO underrun error clears this 
register. 


1 Byte 


65,535 kbytes 
Not Assigned 


This register is used to specify the transmit and receive FIFO threshold levels. 


RECV RECV 


TRSHLD 


RECV 
TRSHLD 


RECV 


TRSHLD 
MSB —_ _ LSB 


TRSHLD 





XMIT XMIT XMIT XMIT 
TRSHLD TRSHLD TRSHLD TRSHLD 
MSB — _— LSB 
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Bits 7-4: Receive FIFO Threshold (Default = Hex 8) 


—The receive FIFO threshold counts by two 
since the receive FIFO buffer is 32 bytes deep. 


Bit Receive 
7 6 5 4 Threshold 
000 1 2 Bytes 
001 0 4 Bytes 
001 1 6 Bytes 
11141 30 Bytes 
00 0 0 32 Bytes 


DLC Interrupt Source Register (15 HEX) 
This register is used to identify the source of interrupting conditions and to report valid-packet-transmitted, valid-pack- 
et-received. 


Bit 7: 


Bit 6: 


Bit 5: 


1-100 


RECV FIFO 


STATUS 


RECV 
FRAME 
STATUS 


VALID 


LINK 
STATUS 


SENT 


Receive Link Status (Default = 0)—This bit is 
set to “1” when any bit in the Receive Link Status 
Register is set and both of the corresponding bits 
in the Receive Frame Interrupt Enable Register 
and bit 7 (enable received link status interrupt bit) 
are set in the Interrupt Source Interrupt Enable 
Register. 


It is cleared to “O” when the Receive Link Status 
Register is read by software, a DLC reset is exe- 
cuted, oran IDPC reset is received from the proc- 
essor. 


FIFO Status (Default = 0)—This bit is set to “1” 
when any bit in the FIFO Status Register is set 
and both of the corresponding bits in the Receive 
Frame Interrupt Enable Register and enable 
FIFO status interrupt (bit 6) are set to “1” in the In- 
terrupt Source Interrupt Enable Register. 


It is cleared to “O” when the FIFO Status Register 
is read by software, a DLC reset is executed, or 
an IDPC reset is received from the processor. 


Receive Frame Status (Default = 0)—This bit is 
set to “1” when any bit in the Receive Frame 
Status Register and both of the corresponding 
bits inthe Receive Frame Interrupt Enable Regis- 
ter and enable receiver frame interrupt bit (bit 5) 
are set in the Interrupt Source Interrupt Enable 
Register. 


PACKET 


Bits 3-0: Transmit Threshold Value (Default = Hex 


8)—The contents of this register are set and 
cleared under software control except when in- 
itialized by a DLC reset or IDPC reset or when an 
abort is issued. 





VALID 
PACKET 
RECVD 





Bit 4: 


Bit 3: 


Bit Receive 
3 21 0 Threshoid 
000 1 1 Byte 
0 0 1 0 2 Bytes 
00 1 1 3 Bytes 
11141 15 Bytes 
0 0 0 0 16 Bytes 


RECV RECV 
ADDR ADDR 
MSB — 


RECV 
ADDR 
LSB 


This bit is gated when stage 3 status is actually 
transferred to stage 4. (See description of de- 
layed status reporting.) 


Bit 5 is cleared to 0 when the Receive Frame 
Status Register is read by software, a DLC reset 
is executed, oranIDPC reset is received fromthe 
processor. 


Valid Packet Sent (Default = 0)—This bit is set 
to “1” when the last bit before the closing flag has 
been transmitted by the DLC transmitter (trans- 
mit byte counter = 0 and no underrun and trans- 
mitter out of frame). It is cleared when the trans- 
mitter goes in-frame, this register is read, a DLC 
reset is executed, or an IDPC reset occurs. 


Valid Packet Received (Default = 0)—This bit is 
reset to its default value when a DLC reset is exe- 
cuted or an IDPC reset is received. It is set to “1” 
when the last byte of a packet is read from the re- 
ceive FIFO buffer and no receive error has been 
detected for that packet. It is cleared when soft- 
ware reads this register, or a DLC reset or IDPC 
reset occurs. 


Bits 2-0: Receive Address Field (Default=110 (O= 
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LSB))—The receive link address field is written 
by hardware whenever a packet is received (with 
or without errors). It is a delayed-stacked field. 


The link address for up to four received packets can be 
stored at any giventime. The address field for any packet 


Not Used 


a et = = CO CO OC OO 
“ == © 0O-8 = 0 Oo 
—_ Oo --|—- Oo + 0 + O&O 


is not presented to the user until the last byte of that pack- 
et is read from the FIFO. 


Contents of Link Address 0 Recognized 


Contents of Link Address 1 Recognized 
Contents of Link Address 2 Recognized 
Contents of Link Address 3 Recognized 
Broadcast Link Address (All “1”s) Recognized 


Default Value—No Packet Received 
Packet Received with no Address Recognized enabled 


(Bits 4-0 of DLC Address Control Register cleared to “Os”) 





DLC Receive Byte Count Register (16(LSB) —17(MSB)Hex) (Default = 0) 
This 16-bit register indicates the number of bytes received in a packet, not including the opening and closing flags, 
whether the packet was received in error or not. The actual counter is incremented each time a byte is loaded into the 


FIFO. 


This register is a “read-only” register, and is cleared to “0” 
when a DLC reset is executed or an IDPC reset is re- 
ceived from the processor. 


This register presents information in a delayed fashion. 
When the last byte of a packet is read from the receive 
FIFO, the receive byte count is made available to the 
user. If a new packet is received before the status from 
the previous packet is read by the user, the status for the 
new packet is stacked behind the previous packet. 
Status for up to four packets can be stacked at any given 
time. When the four-deep stack is full, the DLC receiver 
ignores new packets until the status from at least one 
packet is read by the user. 


There are two mechanisms that ensure synchronization 
between packet data and status: 1) data from one packet 
cannot be read from the FIFO until status from the previ- 
ous packet is read; and 2) when the least-significant byte 
of the Receive Byte Count Register is read, all of the de- 
layed stacked registers for that packet are cleared (Re- 
ceive Byte Count Register, Receive Frame Status Reg- 
ister, Residual Bit Register, and the received address 
field of the Interrupt Source Register). For this reason, 
the LSB of the Receive Byte Count Register should al- 
ways be read last. 


Receive Byte Count Decode: 


15 14 13 12 11 





1 byte 


65,535 kbytes 
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DLC Receive Frame Status Register (18 HEX) 

This is a “read-only” register. The setting of any bit in this 
register will result in the setting of bit 5 in the Interrupt 
Source Register if the corresponding bit is set in the Re- 
ceive Frame Interrupt Enable Register, and the receive 
frame status bit is set in the Interrupt Source Interrupt En- 
able Register. 


This register is a delayed-stacked register. Status is not 
reported until the last byte of the packet is read from the 
FIFO. At that time maskable interrupts are generated. 
Status for up to four packets can be stacked at any given 
time. 


The bits of this register are cleared to “0” (default setting) 
when a DLC reset is executed, the IDPC reset pin is acti- 


7 


6 5 
OVRRUN 
ERROR 


Bits 7-6: Not used and must be cleared to “0.” 


Bit 5: Overrun Error (Default = 0)—This bit is set to 
“1” as a result of the DLC receive FIFO detecting 
an overrun condition (i.e., the receive FIFO con- 
tains 32 bytes when receive data needs to be 
moved into the FIFO from the Parallel-to-Serial 
Shift Register). 


Long Frame Error (Default = 0)—This bit is set 
to “1” as a result of the DLC receiver detecting a 
long frame error. 


Bit 3: Short Frame Error (Default = 0)}—This bit is set 
to “1” as a result of the DLC receiver detecting a 
short frame error. 


Bit 2: CRC Error (Default = 0)}—This bit is set to “1” as 
a result of the DLC CRC checker detecting an er- 
rorwhen CRC check is enabled in the DLC Com- 
mand/Control Register. 


Bit 4: 


vated, or when this register or the LSB of the Receive 
Byte Count Register is read. 


It is possible that more than one receive error may occur 
simultaneously on the same receive bit. However, only 
one bit in this register may be set to “1” at any time. The 
following table indicates the precedence of the various 
errors and exception conditions flagged by this register 
(listed in descending order of precedence): 


If the Receive Frame Status Register is not read (not nor- 
mally read for a valid packet) before the LSB of the Re- 
ceive Byte Count Register, reading the Receive Byte 
Count Register will clear the Receive Frame Status Reg- 
ister to keep the register in sync (i.e., read Receive Byte 
Count Register LSB last). 


NON-INT 
# BYTES 
RECVD 





Bit 1: Non-integer Number Bytes Received (Default 
= 0)—This bit is set to “1” as a result of the DLC 
receiver flag detector recognizing a closing flag 
character with at least three bytes received when 
a non-integer number of bytes has been received 
in a non-short frame (i.e., at least one but less 
than eight bits were received after zero bit dele- 
tion in the byte immediately preceding the closing 
flag). 


Bit 0: Abort Received (Default = 0)}—This bit is set to 
“1” as a result of the DLC receiver abort detector 
detecting an abort character (seven “1”s while in- 
frame) while the DLC receiver is in-frame and at 
least three bytes have been received. 





DLC Receive Link Status Register (19 HEX) 


The Receive Link Status Register reflects the status of the data link at the receiver input. Three conditions are moni- 
tored: mark idle, flag idle, and in-frame. Bits 5-3 reflect the current status of the link and do not generate interrupts. Bits 
2-0 reflect changes in the link since the register was last read; maskable interrupts are associated with these bits. At 
reset, bits 2-0 are cleared and bits 5-3 are cleared by the hardware that sets them. 


Bits 7-6: Not used and must be cleared to “0.” 


Bit 5: In-Frame Received (Default = 0)—This bit is set 
to “1” when the receiver goes in-frame and is 
cleared when the receiver is not in-frame. 


Bit 4: Flag Idle Received (Default = 0)—This bit is set 
to “1” to indicate a flag idle condition on the data 
link and is cleared when flag idle is not being re- 
ceived. 
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5 
INFRAME 
RECVD 





Bit 3: Mark Idle Received (Default =0)—This bit, is 
set to “1” to indicate a mark idle condition on the 
data link and is cleared when mark idle is not be- 
ing received. 


Bit 2: Change In In-Frame (Default =0)—This bit, 
when set, indicates that the in-frame bit (bit 5) 
has changed (either set or cleared) since the last 
time the register was read. This bit is cleared by 
reading the register, a DLC reset, or an !IDPC re- 

set. 


DLC FIFO Status Register (1A HEX) 

Each ofthe FIFO Status Register bits are set and cleared 
by DLC hardware to indicate the real-time status of the 
various Conditions. 


The bits of this register will be set or cleared to their de- 
fault values by either a DLC or IDPC reset. 


4 
XMIT 


UNDRUN 





Bits 7-6: Not used and must be cleared to “0.” 


Bit 5: EOP in Receive FIFO (Default = 0)}—This bit is 
set to “1” to indicate that the last byte of a packet 
has been loaded into the receive FIFO. It remains 
set until no EOP tags remain in the FIFO. This is 
the packet received indication, and is normally 
used innon-DMA applications to indicate that the 
FIFO requires servicing. 


Bit 4: Transmit Underrun (Default = 0)—This bit is set 
to “1” during data transmission when the transmit 
FIFO goes empty and the transmit byte counter is 
not equal to zero, and is cleared when the FIFO 
Status Register is read. 


An abort will automatically be transmitted in response to 
a transmit underrun condition. 


CHANGE | CHANGE CHANGE | 
IN IN IN 
INFRAME FLAG MARK 
IDLE IDLE 


Bit 1: Change In Flag Idle (Default=0)—This bit, 
when set, indicates that the flag idle bit (bit 4) has 
changed (either set or cleared) since the last time 
the register was read. This bit is cleared by read- 
ing the register, a DLC reset, or an IDPC reset. 


Bit 0: Change in Mark Idle (Default =0)—This bit, 
when set, indicates that the mark idle bit (bit 3) 
has changed (either set or cleared) since the last 
time the register was read. This bit is cleared by 
reading the register, a DLC reset, or an IDPC re- 
set. 


Setting any bit in this register will set bit 6 of the Interrupt 
Source Register providing the corresponding enable bit 
is set in the FIFO Status Interrupt Enable Register and 
the enable FIFO status interrupt bit 6 is set in the Inter- 
rupt Source Interrupt Enable Register. 


XMIT 
BUFFER 


XMIT 
TRSHLD 
REACHD 


RECV 
TRSHLD 
REACHD 


AVAIL 


Bit 3: Transmit Buffer Available (Default = 0)—This 
bitis set to “1” whenever the DLC FIFO Data Reg- 
ister is empty, and the transmit byte counter is not 
equal to zero (i.e., available to be written into). 
This bit remains active as long as the transmit 
FIFO is not full, and is cleared when the last byte 
of a packet is loaded in the FIFO. This prevents 
multiple packets from existing in the FIFO at the 
same time (non-DMA users). 


Bit 2: Transmit Threshold Reached (Default =0) 
—This bit is set to “1” when the number of bytes in 
the DLC transmit FIFO is less than or equal to the 
count in the transmit FIFO threshold bit field (bits 
3-0 of the FIFO Threshold Register). 
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This bit is cleared to a “O” when the number of 
bytes in the transmit FIFO becomes greater than 
the transmit FIFO threshold bit field value. This 
status bit is used to condition the DLC transmit 
DMA data request signal. 


Receive Data Available (Default = 0)—This bit 
is set to “1” whenever a byte is available in the 
DLC receive FIFO Data Register, and is cleared 
to “O” when a byte is read and the receive FIFO 
becomes empty. It is also cleared when the last 
byte of a packet is read from the FIFO. Under this 
condition, it is not re-enabled until the user reads 
the LSB of the Receive Byte Count Register. 
This, in conjunction with the packet received in- 
terrupt, notifies the non-DMA user when the last 
byte of a packet has been read. 


Bit 1: 


DLC FIFO Data Registers 
The receive FIFO and transmit FIFO Data Registers are 
8-bit registers. 


The receive FIFO Data Register is read by DMA or soft- 
ware to remove a byte from the receive FIFO. If read by 
software, the user should first poll the receive FIFO data 
available status bit (bit 1 inthe FIFO Status Register), un- 
less data is being read in response to a threshold 
reached indication in which case the number of bytes to 
be read is known. 


DLC Residual Bit Status/Control Register (1D Hex) 


Bit 0: Receive Threshold Reached (Default =0) 
—This bit is set to “1” when the number of bytes in 
the DLC receive FIFO becomes equal to the 
value programmed in the receive FIFO threshold 
bit field of the DLC FIFO Threshold Register. 


This bit is cleared to “O” when the number of bytes 
in the receive FIFO byte counter becomes less 
than the receive threshold value programmed in 
the DLC FIFO Threshold Register. 


The transmit FIFO Data Register is written by DMA or 
software. If written by software, the user should first poll 
the transmit FIFO buffer available status bit (bit 3 in the 
FIFO Status Register) to ensure that a byte is available in 
the FIFO,(unless the data is being loaded in response to 
athreshold reached indication, in which case the number 
of bytes that can be loaded is known). 


This read/write register controls the number of bits transmitted in the last byte of a packet and displays the number of 
valid data bits received in the last byte of a packet. It is also the register used to enable the Transparent mode. 


TRANS. 
MODE 


TRANS. 
MODE 
SELECT 


XMIT 
RESIDUE 
COUNT 

MSB — 


XMIT 


ENABLE 


Bit 7: Transparent Mode Enable—This bit enables 
data to be sent or received without any HDLC 
protocol related format. 


Bits 6: Transparent Mode Select—This bit determines 
whether data transmission and reception is con- 
trolled by their respective transmitter/receiver 
enable control signals or maximum byte counts 
programmed. This bit is ignored if bit 7 of this reg- 
ister is cleared to “0.” 
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RESIDUE 
COUNT 





XMIT RECVD RECVD RECVD 
RESIDUE | RESIDUE RESIDUE RESIDUE | 
COUNT COUNT COUNT COUNT | 


LSB MSB — LSB 


Bits 5-3: Transmitter Residue Count (Default = 000) 
—These three bits specify the number of residue 
bits to be transmitted in the last byte of a packet. 
This is a read/write field that is cleared under soft- 
ware control. . 
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Bits 
§ 4 3 Residue Bits 
0 O 0 8 Bits 
0 O 1 1 Bit 
0 1 #0 2 Bits 
1 0 7 Bits 


Bits 2-0: Received Residue Count (Default = 000) 
—These three bits form a “read-only” field dis- 
playing the number of residue bits received. This 
field is cleared to “O”s upon reset or by reading 
this register or reading the LSB of the receive 
byte counter. This field is a delayed-stacked field. 
Status for up to four packets may be stacked at 
any one time. 


Detailed Description of User-Visible USART Registers 


Bits 
5 4 3 Residue Bits 
0 0 0 8 Bits 
0 0 1 1 Bit 
0 1 =O 2 Bits 
1 O 90 7 Bits 


Universal Synchronous/Asynchronous Receiver/Transmitter (USART) 


The programmable features of the USART include: 


Character Length—character length is user-selectable 
(5-, 6-, 7-, or 8-bit Characters). 


Parity— even, odd, or no parity options are selectable. In 
addition, “stick” Parity test mode is provided. 


Stop Bits—1 or 2 Stop Bits may be selected for 6-, 7-, or 
8-bit characters; 1 or 1'/2 Stop Bits may be selected for 
use with 5-bit characters. 


Data Rates—-USART supports data rates from 300 to 64 
kb/s in both asynchronous and synchronous modes. 


Handshake Lines—the USART provides RTS and DTR 
assertion through software control and allows for status 
checking of CTS and DSR. 


Operational Modes—the USART may be programmed 
for asynchronous or synchronous operation. 


Baud Rate Generator—a programmable internal baud 
rate generator allows a selectable clock rate for asyn- 
chronous operation. Either mode allows selection of an 
external clocking source. 


Break Generation—software break character genera- 
tion. 


FIFO Thresholds—each 4-byte transmit and receive 
FIFO has a selectable threshold value up to 4 bytes. 
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Upon reaching the threshold value, the USART may be 
programmed to interrupt the external processor. 


Special Character Recognition—the user may define 
one or more characters as special characters, and can 
enable when a special character is detected. Up to 128 
characters can be selected as special. If 5-, 6-, or 7-bit 
character lengths are selected, any combination of char- 
acters may be selected as special. If 8-bit character 
length is used, characters with bit patterns of 0-127 may 
be selected as special. 


Interrupts—any of the following interrupts may be selec- 
tively enabled or disabled: 


° Change in CTS 

e Change in DSR 

e Parity Error 

e Receive FIFO Threshold Reached 
e Receive FIFO Timeout 

e Transmit Shift Register Empty 

e Break Detect 

e Special Character Detect 

e Framing Error 

e Buffer Overrun 


The USART contains 14 registers, as shown in 
Table 3. 
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Table 3. USART Registers 


Offset Size 
(Hex) Register Name (Bytes) Type 
20 Receive FIFO Data Register (DLAB = 0)* 1 Read Only 
Transmit FIFO Data Register (DLAB = 0) 1 Write Only 
Baud Rate Divisor LSB Register (DLAB = 1) 1 Read/Write 
21 Interrupt Enable Register (DLAB = 0) 1 Read/Write 
Baud Rate Divisor MSB Register (DLAB = 1) 1 Read/Write 
22 Interrupt Identification Register 1 Read Only 
23 Line Control Register 1 Read/Write 
24 Modem Control Register 1 Read/Write 
25 Line Status Register 1 Read Only 
26 Modem Status Register 1 Read Only 
27 Control Register 1 Read/Write 
28 Status Register 1 Read Only 
29 Special Character Bit-Map Address Pointer Register 1 Read/Write 
2A Special Character Bit Map Command Register 1 Read/Write 
2B-3E Reserved 20 — 


*Divisor Latch Access Bit (DLAB) in the Line Control Register. 


USART Receive FIFO Data Register (Default = 0) 
(20 Hex, DLAB =0) 

The Receive FIFO Data Register is a “read-only” regis- 
ter. Data received by the USART is read from the receive 
FIFO by the CPU at this address. 


+ 


MSB LSB 

EAR EEA ES ET Ee 
USART Transmit FIFO Data Register (Default = 0) 
(20 Hex, DLAB = 0) 


The Transmit FIFO Data Register is a “write-only” input 
to the transmit FIFO. Data written in this 8-bit register is 
transmitted out of the TxD pin LSB first. 


MSB LSB 


7hetsft4{sf2qtifo| 
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USART Baud Rate Divisor LSB Register (Default = 
0) (20 Hex, DLAB = 1) 


The Baud Rate Divisor LSB Register is an 8-bit register 
used to hold the LSB of the 16-bit baud rate divisor. 


MSB LSB 


-7tetst4{3}2tifo| 
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USART Baud Rate Divisor MSB Register (Default = 0) (21 Hex, DLAB = 1) 
The Baud Rate Divisor MSB Register is an 8-bit register used to hold the MSB of the 16-bit baud rate divisor. 


Note: Divide-by-one passes the USARTCLK unaf- Note: When executing a reset, the register pair is 


fected. This allows the receiver and transmitter to cleared to all zeros, but the baud rate generator 
operate from separate clocks in synchronous will divides the USARTCLK by 64 until the Baud 
mode. A write to either the MSB or LSB Divisor Rate Registers are programmed. 
Registers loads the baud rate generator with a 
16-bit value. 

Bits 
sume nes Mrs sees ol ome | 


Reserved 


1 Byte 





65,535 kbytes 


USART INTERRUPT ENABLE REGISTER (21 HEX, DLAB = 0) 

The Interrupt Enable Register is an 8-bit read/write regis- | Clearing a bit disables the interrupt and resets the inter- 
ter used to enable specific interrupt sources (Default = —__rupt pin if the corresponding condition is present. 

0). Setting a bit enables its corresponding interrupt. 


XMIT USART USART MODEM RECV XMIT RECV 
STATUS: STATUS: STATUS: STATUS: LINE FIFO FIFO 
SHFTREG SPCL Rx FIFO CTS STATUS TRSHLD TRSHLD 
EMPTY CHAR. TIMEOUT DSR 





USART INTERRUPT IDENTIFICATION REGISTER (22 HEX) 
The Interrupt Identification Register is an 8-bit read-only register that identifies which status register contains an inter- 
rupt condition. Unused bit positions (bits 7—4) return “O”s when this register is read. 


INTR INTR INTR 


SOURCE SOURCE SOURCE 
— LSB 





Bits 7-4: Not Used and must be cleared to “0.” Bit 0: Interrupt Pending (Default=1)—This bit is 


leared to “0” if any interrupt is pending. 
Bits3-1: Interrupt Source (Default = 000)—This 3-bit ceed any pile Penang 
field identifies the highest priority source of all ex- 
isting interrupts. 
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Interrupt Source Decode 





Bits 

3 2 1 Priority Source Reset By* 

0 0 0 4th CTS or DSR Reading the Modem Status Register 

0 0 1 3rd Transmit FIFO Reading this Register and Interrupt Source = 001 
Threshold Reached 

01 0 2nd Receive FIFO Reading this Register and Interrupt Source = 010 
Threshold Reached 

0 1 1 ist** Overrun, Parity, Reading Line Status Register 
Special Character Received, 
Framing, or Break 

1 0 0 5th Receive FIFO Timeout Reading USART Status Register 

10 1 6th Transmit Shift Register Reading this Register and Interrupt Source = 101 


Empty 


“All bits are reset by a USART reset or an IDPC reset. 


** Simultaneous receipt of a special character or a character with a parity error, and a threshold reached condition generates the 
interrupt for the special character or parity error before the threshold reached interrupt. 


USART LINE CONTROL REGISTER (23 HEX) 
This register Controls access to the Baud Rate Generator Divisor registers and sets the mode of operation for the 
USART. 


6 5 3 
DIV BREAK STICK EVEN/ PARITY STOP CHAR CHAR 
LATCH PARITY ODD ENABLE BIT LENGTH LENGTH 


ACCESS PARITY LENGTH MSB LSB 
BIT SELECT 





Bit 7: Divisor Latch Access Bit—This bit is used to Bit 3: Parity Enable—When this bit is set to “1,” parity 


enable access to the Baud Rate Divisor Regis- generation and checking is enabled. When this 
ters. If it is set to “1,” access to these registers is bit is cleared, parity generation and checking is 
enabled, but must be reset to “0” before access- disabled. 


ing the receive/ transmit FIFO Data Registers 


and the Interrupt Enable Register. Bit 2: Stop Bit Length—This bit selects the number of 


stop bits used in serial data transfers. 


1 Stop Bit 
1.5 Stop Bits (5-bit characters) or 2 Stop Bits 
(6-, 7-, or 8-bit characters) 


Bit 6: Break—This bit is set to request that a break con- 
dition be transmitted. The USART will transmit a 
the break pattern immediately after completing Va 
any character transmission in progress when this 
bit is set. The transmit shift register and transmit Bit 1-0: Character Length—Bits 1 and 0 define the 
FIFO contents are discarded. The line returns to character length. 
normal operation when the bit is cleared. Breaks 
are transmitted only in asynchronous mode. 


Bits Character 
Bit 5: Stick Parity—Iif parity is enabled (bit 3 set) and 1 0 Length 
this bit is set to “1,” parity is expected to be re- 
ceived opposite to that indicated by bit 4. Parity is 0 0 5 Bits 
transmitted with a value opposite that of bit 4. 
0 1 6 Bits 
Bit 4: Even/Odd Parity Select—This bit selects the 1 0 7 Bits 
parity sense used by the transmitter and receiver. ; 8 Bits 


If it is set to “1”; even parity is selected. If it is reset 
to “0”; odd parity is selected. 
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USART Modem Control Register (24 HEX) 
This register specifies modem control parameters (Default = 0). 


3 2 





1 0 
RESRVD | RESRVD RTS DTR 
LOOPBK | PIN PIN 
ENABLE CONTR | CONTR 


Bits 7-5: Not used and must be cleared to “0.” Bit 1: RTS Pin Control—When this bit is set to “1,” RTS 
pin goes active-Low. This bit does not directly 
control the transmitter. 


Bit 4: Local Loopback Enable—Setting this bit to “1” 
places the USART in a local loop back condition 
for diagnostic purposes. Bit 0: DTR Pin Control—When this bit is set to “1,” the 

Bits 3-2: Reserved DTR pin goes active-Low. This bit does not di- 

rectly control the transmitter or receiver. 


USART Line Status Register (25 HEX) 

The USART Line Status Register contains flag bits that are set to indicate the presence of a condition that can gener- 
ate an interrupt if the appropriate interrupt enable bits are set in the Interrupt Enable Register. Bits 1 through 4 and 7 
are cleared by reading this register. Bit 5 is cleared when the condition goes away, but the interrupt is cleared by read- 
ing the Interrupt Identification Register (when the Interrupt Identification Register is reporting this interrupt). Bits 0 and 
6 are cleared when the associated conditions are no longer present. 


S_ 4 3 | 2 1 
XMIT BREAK | FRAMING PARITY RECV 
TRSHLD | DETECT ERROR | ERROR | BUFFER 


REACHD | IN OVRRUN | 
FIFO 





Bit 7: Special Character In FIFO (Default = 0)—This Bit 3: Framing Error (Default = 0)}—This bit is set to 


bit is set to “1” when a special character is trans- “{” when an invalid stop bit is detected. A charac- 
ferred into the receive FIFO, and cleared when ter with a framing error is not loaded into the 
the USART Line Status Register is read. FIFO, and is cleared when the USART Line 


ister is read. 
Bit 6: Transmit Shift Register Empty (Default = 1)— siatusiiegislerisied 


This bit is set to “1” when the transmit shift regis- Bit 2: Parity Error in FIFO (Default = 0)—This bit is 


ter is empty (i.e. the last character transmitted) set to “1” when a character with a parity error is 
and cleared when the transmit shift register and transferred into the receive FIFO from the receive 
FIFO are not empty. shift register, and is cleared when the USART 


Line Status register is read. 
Bit 5: Transmit FIFO Threshold Reached (Default = ine Status register is read 


1)—This bit is cleared when the number of bytes Bit 1: Receive Buffer Overrun (Default = 0)—This bit 


inthe transmit FIFO rises above the programmed is set to “1” when an overrun error results in lost 
threshold, and is set to “1” when the FIFO level is receive data, and is cleared when the USART 
equal to or below the threshold. Line Status register is read. 

Bit 4: Break Detected (Default = 0)—This bit is set to Bit 0: Receive Data Available (Default = 0)—This bit 
“1” when a break Condition is detected by the re- is set to “1” when receive data is available in the 
ceiver, and is cleared when the USART Line receive FIFO Data Register. 


Status register is read. 
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USART Modem Status Register (26 HEX) 
The 8-bit Modem Status Register is used to indicate the condition of the link handshake ape signals and any change 
in their status. Bits 1 and 0 are cleared on reset; bits 5 and 4 reflect the input status. 





Bits 7-6: Reserved 


Bit 5: 


Bit 4: 


DSR Pin Status—This bit is set to “1” if the DSR 
input pin is active-Low and cleared to a “O” if DSR 
is inactive. 


CTS Pin Status—This bit is set to “1” if the CTS 
input pin is active-Low and is cleared to a “0” if 
CTS is inactive. 


USART Control Register (27 HEX) 
This 8-bit USART register is used to control all non-8250-UART functions. Additionally, this register contains the 
USART software reset bit. 


Bit 7: 


XMIT 
FIFO 


XMIT 
FIFO 
TRSHLD 
LSB 


RECV 
FIFO 


TRSHLD 
MSB 


MSB 


Reset (Default = 0)—This bit is set to initiate a 
USART reset operation (identical to a reset initi- 
ated by hardware via the RST pin, except only the 
USART is affected). The software reset takes 2 
master clock cycles, and this bit clears itself. 


Bits 6-5: Transmit FIFO Threshold (Default = 00)— 
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This field is used to hold a 2-bit count that reflects 
the transmit FIFO threshold. When the number of 
bytes remaining in the transmit FIFO is less than 
or equal to this level, Transmit FIFO Threshold 
Reached status is generated. 


Bit Transmit 
6 5 Threshold 
0 0 0 Bytes 
0 1 1 Bytes 
1 0 2 Bytes 
1 1 3 Bytes 


TRSHLD 


RESRVD | RESRVD DSR CTS RESRVD | RESRVD DSR CTS 
PIN PIN 
STATUS | STATUS 












DSR 
PIN 


CTS 
PIN 







CHANGE 
STATUS 


CHANGE 
STATUS 


Bits 3-2: Reserved 


Bit 1: 


Bit 0: 


RECV 
FIFO 
TRSHLD 
LSB 





DSR Pin Change Status (Default = 0)—This bit 


is set to “1” when a change in the DSR input pin 
has occurred since this register was last read. 


CTS Pin Change Status (Default = 0)—This bit 


is set to “1” if the input pin has changed state 
since this register was last read. 


XMIT 
CLK 
SOURCE 


SYNC/ 
ASYNC 
MODE 
SELECT 


RECV 
CLK 
SOURCE 


Bits 4-3: Receive FIFO Threshold (Default = 11)— 
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These two bits are used to select the receive 
FIFO threshold. When the number of bytes in the 
receive FIFO is greater than or equal to this 
value, the Receive FIFO Threshold Reached 
status is generated. 


Bit Receive 
4 3 Threshold 
0 1 1 Byte 
1 0 2 Bytes 
1 1 3 Bytes 
0 0 4 Bytes 


Bit 2: Sync/Async Mode Select (Default = 0)—This Bit 1: Transmit Clock Source (Default = 0)—The out- 


bit determines the operating mode of the USART. put of the internal baud rate generator is used as 
If it is set to “1,” the USART operates in synchro- the clock source for the transmitter if it is set to 
nous mode where no start/stop bits are recog- “{”; otherwise, the RxCLK pin is used. 


nized and where the expected data rate is equal 
to the clock source programmed. If this bit is reset 
to “0,” the USART operates in asynchronous 
mode and the clock source to the transmitter and 
receiver must be 16 times the expected data rate. 


Bit 0: Receive Clock Source (Default = 0)—The out- 
put of the internal baud rate generator is used as 
the clock source for the receiver if this bit is set to 
“1”; otherwise, the RxCLK pin is used. 


USART Status Register (28 HEX) 
The USART Status Register reports status conditions that do not occur in an 8250 UART. This register also contains 
the Parity Error Character Available status bit. The default = 00010000. 


Bits 4—1 are cleared when the corresponding condition no longer exists. 


7 
RECVR XMIT RECV PARITY RECV 
ENABLE BUFFER FIFO ERROR FIFO 


AVAIL TRSHLD CHAR TIMEOUT 
REACHD AVAIL 





Bit 7: Receiver Enable/Disable (Default =0)—This Bit 1: Parity Error Character Available (Default = 0) 


bit is set to enable the USART receiver, and is —This bit is set to “1” when a character with the 

cleared to disable the receiver. parity error reaches the output of the receive 

; eae FIFO. It is cleared when the character is read 
Bits 6-5: Not used and must be reset to “0. from the FIFO. 


Bit 4: Transmit Buffer Available (Default = 1}—This Bit 0: 
bit is set to “1” whenever the FIFO Data Register : 
is empty, and is cleared when the FIFO is full. 


Receive FIFO Timeout (Default = 0)—This bit is 
set to “1” when a receive FIFO timeout occurs. It 
is cleared when this register is read or when the 


Bit 3: Receive FIFO Threshold (Default = 0)—This bit receive FIFO becomes empty. The timeout oc- 
is set to “1” when the number of bytes in the re- curs when the level in the receive FIFO is below 
ceive FIFO is greater than or equal to the pro- the threshold and no characters are received in at 
grammed receive FIFO threshold, and cleared least 2048 receiver clocks. 


when the number of bytes in the receive FIFO 
falls below the threshold value. 


Bit 2: Special Character Available (Default = 0)— 
This bit is set to “1” when the special character 
reaches the output of the receive FIFO. It is 
Cleared when the character is read from the 
FIFO. 
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USART Special Character Bit-map Address Pointer Register (29 HEX) 
This register is used to address the 128-bit special character bit map (Default = 0). 





Bit 7: Not used and must be reset to “0.” 


Bits6-0: These bits represent the special character ad- 
dress in the bit map. Acharacter is designated as 
a special character by first writing the address 
(which is the character itself) into bits 7-0 of the 
Special Character Bit-Map Address Pointer Reg- 
ister, and then by writing a “1” into bit 0 of the Spe- 
cial Character Bit-Map Command Register. A 
special character can be returned to normal 
status by writing a “0” into bit 0 of the Special 
Character Bit-Map Command Register (after the 
pointer is set). 


7 6 5 4 _3 2 1 0 
SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL 
CHAR CHAR CHAR CHAR CHAR CHAR CHAR 
MSB — — — _— —_ LSB 


USART Special Character Bit-map Command Register (2A HEX) 


This register is used for setting and clearing the corresponding bit in the bit-map of the special character pointed to by 
the Special Character Bit-Map Pointer Register (Default = 0). 


All bits in the bit-map are cleared on reset. 





Bits 7-1: Not Used and must be reset to “0.” 


Bit 0: Set/Clear Bit Map—Writing a “0” or “1” to this bit 
Clears or sets the Special character pointed to by 
the Special Character Pointer register. When this 
register is read bit 0 reflects the status of the spe- 
cial character pointed to by the Special Character 
Bit-MAP Pointer. 


When the receiver enable bit is set (bit 7 of 
USART Status Register), reading the Special 
Character Bit-Map Command Register returns all 
“1"s regardless of the actual state of the special 
character addressed. This is done to prevent si- 
multaneous bit map accesses by the MPI and the 
internal logic. 

A special character can be read or written to via the MPI 
only when the receiver enable bit (USART Status Regis- 
ter bit 7) is cleared. 


Note: 
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SET/ 


CLEAR 
BIT MAP 


Dual-Port Memory Controller (DPMC) 

For multiprocessor applications, a common message 
area in RAM (i.e., a mailbox) is used for inter-processor 
communications. 


When bit 0 of the Semaphore Register is set to “1,” an in- 
terrupt (HINTOUT) is generated to the host processor in- 
dicating it has a message waiting in the mailbox. Bit 0 of 
the Semaphore Register is reset to “O” when the host 
processor acknowledges this interrupt by pulsing the 
HINTACK line. 


When the host processor has completed placing a mes- 
sage inthe mailbox for the local processor, it alerts the lo- 
cal processor by pulsing the HINTIN line. This results in 
setting bit 1 in the Semaphore Register which activates 
the interrupt line (LINTOUT) to the local processor. LINT- 
OUT is de-activated when the local processor clears bit 1 
of the Semaphore Register. 
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Table 4. DPMC REGISTERS Table 5. DPMC REGISTERS 


Offset Size Offset Size 
(Hex) Register Name (Bytes) Type (Hex) Register Name (Bytes) Type 
3F Semaphore Register 1 Read/Write 3F Semaphore Register 1 Read/Write 


DPMC Semaphore Register 
The Semaphore Register controls interrupt requests between the host processor and the loca! processor in a multi-’ 


processor application. These interrupts coordinate processor-to-processor communication via shared memory. This 
register is cleared to “O”s by a hardware reset. 


DPMC Semaphore Register (3F HEX) 





Bits 7-2: Not used and must be reset to “0.” Bit 0: Interrupt to Host Processor (Default = 0)— 

Bit 1: Interrupt to Local Processor (Default = 0)— L NeaSae cs ae) ane Fea Ceaser 
This bit is set to “1” when the HINTIN pin from the Setting this bit causes the HINTOUT pin to go ac- 
nos! procasse( Gos eclve Wiese Pasedleser tive High. The bit is cleared by the HINTACK pin 
ting this bit to “1” causes the LINTOUT pin to go (from the host) going High. This bit can be read by 
active High. This bit is cleared by the local proc- the local processor. 


essor by writing a “0” to it. LINTOUT goes inactive 
when this bit is cleared. 
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APPLICATIONS 


Overview 
Most ISDN applications of the IDPC may be grouped into 
two Categories: 


Terminal Adapter (TA) 
PC or Integrated Voice/Data Workstation (IVDW) 


The major difference is the number of processors in the 
system. In the terminal adaptor application, a single local 
processor (such as the 80188) controls all system func- 
tions and the USART serves as the RS-232 interface be- 
tween the ISDN network and the terminal. The IDPC pro- 
vides an external bus for attachment of an external 
processor such as the 80188, memory, “S” Interface 
transceiver hardware, and other ISDN _ support 
hardware. 


Inthe PC or IVDW application, two processors (local and 
host) are present. The local processor (with associated 
Circuitry and software) and the IDPC form the heart of the 
communication processor. The local processor onthe in- 
terface card exchanges ISDN transmit/receive data with 
the host processor using shared memory and inter- 





Figure 8. Typical TA Application (see 09360B-—11) 
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processor interrupts (instead of using the USART as in 
the TA application). 


Terminal Adapter (TA) Application 

Atypical terminal adapter application is shown in Figure 
8. For the TA application, the processor attaches to the 
IDPC bus and runs specialized communication software 
to allow “dumb terminals” to attach to an ISDN network 
and make ISDN data calls. The low-level programming 
interface required for ISDN communications is available 
from AMD. The arbitration software required for multiple 
processor communications is not used in the TA 
application. 


09360B-11 
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PC or Integrated Voice/Data Workstation 
(PC/IVDW) Application 

Typically, the PC/IVDW application uses an interface 
card that installs in the PC or workstation. In this applica- 
tion, two processors (local and host) are present. The 
local processor (with associated circuitry and software) 
performs layers 2 and 3 of the communications protocol. 


The local processor on the interface card exchanges 
ISDN transmit/receive data with the host processor us- 
ing shared memory and inter-processor interrupts (in- 
stead of using the USART as inthe TA application). The 
Dual-Port Memory Coniroller on the iDPC provides jor 
effective memory sharing and handling of inter-proces- 
sor interrupts. 


The local processor can access any device onthe IDPC 
external bus, whereas the host processor can only ac- 
cess the RAM onthe IDPC external bus. Any contention 
between the local processor and the host processoris ar- 
bitrated by the Dual-Port Memory Controller on the 
IDPC. This arrangement provides for transparent access 
to shared memory by both the local and host processors, 
allowing inter-processor communications via memory- 
resident data buffers and mailboxes. 


Am79C30A 
DSC ADDR 





Telephone 
Handset 








A combination of IDPC interrupt-related pins and IDPC 
register bits (which can be read and written only by the lo- 
cal processor) implement the interrupt mechanism. 
Once the locai processor or host processor has written 
data to a buffer or a command to a mailbox, it uses the in- 
ter-processor interrupt mechanism to notify the other 
processor. 


A sample PC/IVDW interface design is shown in 
Figure 9. For the PC application, the local processor at- 
taches to the IDPC bus and runs specialized communi- 
cation software (offered by AMD) to allow PCs and inte- 
grated voice/data worksiations to attach to an ISDN 
network and make ISDN data calls. 


The local processor runs a ROM-based layer 2 and 3 
ISDN communication package (offered by AMD) to con- 
trol ISDN operations. The local processor and the host 
processor in the PC or workstation communicate via 
IDPC interrupts and the shared RAM on the ISDN inter- 
face card. 


DRQ 9 





Figure 9. Typical PC Application 
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PC/Host System Bus 


09360B-12 
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The RAM is shared (transparent to the software) using 
the bus arbitration logic in the IDPC’s Dual-Port Memory 
Controller. 


PC-Based SNA Terminal Emulation 

The following example shows the use of the IDPC in non- 
multiplexed mode to provide a PC-based intelligent SNA 
terminal emulator. The SNA processor executes ail of 
the SNA emulation code, with the possible exception of 
the SNA presentation services layer. The IDPC supports 
SDLC at speeds up to 2.048 Mb/s. 


Similar to the IVDW-PC application, the IDPC’s Dual- 
Port-Memory Controller provides a shared RAM area to 
allow the local and host processors to exchange informa- 
tion (see Figure 10). 


Frame Format 


Communications Protocol Overview 

Most communication networks used for data transfer 
employ a set of rules and techniques called bit-oriented 
protocols. These protocols allow for the transfer of data 
in packets. The most common bit-oriented protocols in- 
clude: HDLC, SDLC, LAPB, LAPD, and DMI. 


Bit-Synchronous Message Concepts 
Allcommunications over the ISDN (or any network using 
the bit-oriented protocols, such as X.25 or SNA) make 
use of message-framing formats in which specific bit pat- 
terns (Flags) rather than control characters are used to 
delineate message blocks. 


Each packet, plus its opening and closing flags, is called a frame. Each frame conforms to the following format: 





Flag Address 
(1—N Bytes) 


e Flags: Used to bracket the packet (leading “O” bit 
followed by six “1” bits and a trailing “O” bit). 


e Address: Identifies the data sender or receiver. All 
addresses are an integer number of bytes in length. 
In general, an address can be 1, 2, or “n” bytes long. 


801 88 Microprocessor 
Micro- _Bus : 
processor 








face 


| Control | Information Frame Check Sequence Flag 
(1 or 2 Bytes) (Optional) (FCS) 


Bus Bus 
Inter- inter- 





The length of an “n’-byte-long address is determined by 
the value of the least significant bit in each byte of the ad- 
dress. This bit, called the Extended Address (EA) Bit, 
identifies the last byte of the address. All of the bytes on 


SNA 
Network 





face 





Host System Bus 


Figure 10. Typical SNA Application 
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an “n”-byte-long address will have the EA bit cleared to a 
0 except for the last byte which has the EA bit set. 


Note: The length of the address field affects the detec- 
tion of a short frame (see description of short 
frame). 

Insome protocols, the second bit (bit 1) of the first byte of 

the address is used to indicate whether the frame is a 

command or a response. This bit, the Command/Re- 

sponse (C/R) bit, does not affect address recognition. 


H Control Information: Used by higher levels of the 
protocol for data management (no action taken by 
the DLC in response to information in this field). 


# information Field (data): Variable length—up to 64K 

bytes long (minus address and control lengths). This 

’ field is optional and can be omitted for protocol con- 
trol packets. 


H Frame Check Sequence (FCS): The Frame Check 
Sequence is a 16-bit word that is produced by a Cy- 
clic Redundancy Check (CRC) generator at the 
transmit side, reproduced by a similar circuit at the 
receive side, and checked against the transmitted 
code to determine if a bit has been dropped or 
picked up in error. The CRC is calculated using all 
bits after the Opening Flag up to the first bit of the 
Frame Check Sequence (excluding bits inserted for 
transparency). 


Packet—A packet is defined as a frame minus the open- 
ing and closing flags. 


Mark Idle—When frames are not being transmitted over 
the link, the link is idle. When the link is idle, the transmit- 
ter can be programmed to send an ‘all 1s’ pattern which 
is referred to as the mark idle condition (15 or more “1”s 
constitute mark idle). 


Flag Idle—Prior to and between frames, the transmitter 
can be programmed to send back-to-back flags over the 
data link. This condition is referred to as flag idle. 


In-Frame—The DLC receiver is said to be In-Frame 
when it is enabled and the first non-Flag, non-abort char- 
acter is received after receiving at least one flag charac- 
ter. 


The DLC transmitter is said to be In-Frame from the time 
it starts to send the first bit of the opening flag until the last 
bit of the closing flag has been transmitted (assuming the 


transmitter has not been commanded to send an abort 
character). 


Abort Condition—The abort condition is an action that 
takes place in a response to the detection of an abort 
character while the DLC receiver is In-Frame. An abort 
causes the termination and discarding of the packet be- 
ing received. Aborts are asynchronous events in that 
they can be transmitted and detected on bit boundaries. 


Abort Character—The abort character is any pattern of 
at least seven contiguous “1”s. The DLC transmitter 
sends a pattern of seven “1”s and a “OQ” as an abort char- 
acter. 


Zero Insertion/Deletion (Data Transparency)—In or- 
der to prevent the data characters from appearing as 
flags, aborts, or mark idles , atechnique called bit stuffing 
is employed. The contents of each packet is examined 
bit-by-bit (beginning with the first bit after the opening 
flag to the last bit of the Frame Check Sequence), anda 
“O” is inserted in the bit stream for any pattern containing 
five contiguous “1s. 


At the receiver side, “O”s are removed following the re- 
ceipt of five contiguous “1”s. 


Short Frame—Bit-Oriented Protocols (i.e., SDLC, 
HDLC) specify minimum lengths for valid packets (usu- 
ally 4,5, or6 bytes). Any frame that is received with fewer 
than the minimum acceptable number of bytes is labeled 
as a Short frame and is reported as an error. 


Long Frame—in order to prevent buffer overrun, it is 
common practice to specify the maximum packet length 
for a data transfer (typically varies with each data call). 
Any received frame that exceeds the specified maximum 
frame length is terminated, identified as a long frame, 
and reported as an error. 


Non-Integer Number of Bits Received—lf a closing 
flag is detected and a non-integer number of bytes has 
been received (character preceding the closing flag con- 
tained fewer than 8 bits), a non-integer number of bytes 
condition is reported. This is not an error when bit-resi- 
due is allowed. 


Order of Bit Transmission—All bytes are transmitted in 
ascending numerical order. Within a byte, the least sig- 
nificant bit (LSB) is transmitted first (except for the Frame 
Check Sequence which is transmitted MSB first). 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ............. —60 to +150° C 
Ambient Temperature Under Bias .... —55 to +125°C 
Voltage from Any Pinto Vss ... —0.25 to Vcc +0.25 V 
Voltage from Vccto Vss_ ............ —0.25 10 +7 V 


Lead Temperature (Soldering, 10 sec) ..... +300° C 


Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent device failure. 
Functionality at or above these limits is not implied. Ex- 
posure to absolute maximum ratings for extended peri- 
ods may affect device reliability. 








DC CHARACTERISTICS over operating range unless otherwise noted 


Parameter | Parameter 

Symbol Description 
VIH Input High Logic Level 
Vit Input Low Logic Level 


VOH 
IOL 

ie 
Icc(S) 
Icc(A) 









Parameter 
Description 


Logic Input Capacitance 


Logic Output Capacitance 


Parameter 
Symbol 


*Parameters are not “tested.” 


‘Sta Veo+5.25V | — | 800 WA 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (TA) 
Supply Voltage (Vcc) 


0 to +70° C 
+4.75 to +5.25 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 









Test Conditions <}. Min, . ; Unit 










bed o |, 
i 
< 
a) 
ro) 
| 
ond, 
=) 
& <<;j<;/<f< 





0 wa 
[fm 


Unit 
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SWITCHING CHARACTERISTICS over operating range unless otherwise noted 
Parameter Parameter 
Symbol Description oy Unit 
CLOCKS 
CLK High Time ns 



















2 | ClKLowTime Low Time ns 

6 SCLK or SFS/XMITCLK High Time 60 | | as 

t SCLK or SFS/XMITCLK Low Time [50 | ns 

8 SCLK or SFS/XMITCLK Cycle Time, | 188 ns 

" SCLK or SFS/XMITCLK High-to-Low pe 1000 ns 
Transition ae nee 

10 SCLK or SFS/XMITCLK Low-to- aa ai. ns 
Transition 

RESET 





Master 
CLK 
11 tRES RST Active 10 Cycles 
. ] Master 
CLK 
12 treson ~=6ssi(ésY:«~SSséOD erly ft Cycles 


Master 
CLK 
Cycles 





Master 
CLK 
Cycles 


DMA REQUEST & — 





HOST MESSAGE AVAILABLE 


USART ASYNCHRONOUS OPERATION 
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SWITCHING CHARACTERISTICS 


| Parameter | Parameter 
Symbol Description | 


USART SYNCHRONOUS OPERATION 

















21 | tury | Clock Low to Data Valid 
SERIAL BUS PORT 







Data Setup to CLK High ns 


tSDHLD Data Hold from CLK High 












{tCSDV 


Data Valid from CLK Low 


LOCAL CPU WRITE 













27 pw | WA Active Width | 130 P| ns 

| mz : . : | Master 

29 | WR Low to Data 1 CLK 

| Cycle 
| =? Master 

30 CLK 
| Cycle 
: Master 

30a S/CTS Transition 3 CLK 
Cycle 


LOCAL CPU READ 






31 _Bdaress Valid to CS. Low | 1 | | ns 
33 |tr “| 9] RD Active Width | a ae ns 


RD 
37 tRDHDz | RD High to Data Bus Hi-Z 
3 | H | | 80 | ns 


87a tint igh to INT High 


RD Low to Valid Data ; oO 
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SWITCHING CHARACTERISTICS 


Parameter Parameter 
No. Symbol | Description | | Unit 


DUAL-PORT MEMORY CONTROLLER 


40 tTRH LDT-R, HDT-R Hold from CLK High 





4 | tweany | RAMWE Active Delay trom CLK High | ns 
42 RAMWE Inactive Delay from CLK Low ns 





43 RAMCS Active Delay from CLK Low & : | 40 | ns 














44 I ieee _RAMCS Inactive Delay from CLK Low ro a ns 

45 RAMOE Active Delay from CLK High 7 ns 

47 {BADLY | (DBE, HDBE Active Delay f | : 40 ns 
CLK High : 

49 | 0 | ns 

55 | | | ts 


58 " AADY Inactive Delay from CLK Low oan eae ns 
59 HDLOE Inactive Delay from HREQ Low pf 20 | ns 


* CLK or LABE/HABE, whichever happens last 
** With 1k pull-up resistor 
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SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


Waveform 


Inputs 


Must Be 
Steady 


May Change 
From HtoL 


May Change 
From L to H 


Don't Care, 
Any Change 
Permitted 





Outputs 


Will Be 
Steady 


Will Be 
Changing 
From H to L 


Will Be 
Changing 
From L to H 


Changing, 
State 
Unknown 


KS0000 10 





Clock Timing 


09360B-—14 
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RST 


DRQ 


Reset Timing 


DMA Request Timing 


Am79C401 
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De-asserted during 
last Read Cycle 


De-asserted during 
last Write Cycle 


09360B-—16 
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HINTOUT 


HINTACK 
09360B-17 
Host Message Available Timing 
bea Y 4 2 3 16 1 2 
BDCLKOUT 
TxD . Start Bit Bit 0 Valid 
09360B-18 


USART Asynchronous Operation 
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RxCLK or 
BDCLKOUT. 


Oo 


Rx 


TxD 


SCLK or 
SFS/XMITCLK 


SBIN 


SBOUT 


(|) 


—_ 


USART Synchronous Operation 


Serial Bus Port Timing 


Am79C401 
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Dv 
Oo 


Be as cc ccanasetpemneun ecu oealas 
on 09360B-21 (Amend) 


Local CPU Write Timing 





Local CPU Read Timing 


09360B-—22 
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Dual-Port Memory Local Proc. Read Cycle (No contention) 


SL ALLTEL LEE ETI EE SE TT ESS TICES aE EE ESE SE SA A SSC SSS ESOS SSO OS SEP NEP POA SODA SEs ENA 
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CLK 


LOT-A 








Dual-Port Memory Local Proc. Write Cycle (No contention) 


meme cmeemamennn en emmaaneeeenenermenenmaneneemrerrmereenaece reece rn nmin 
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CLK 


HREQ (*) 





HDT-R 





HABE 


HDLE 











(*) HREQ is internally synchronized by the IDPC. If the setup time to the rising 
edge is not met, the memory cycle starts on the next rising edge of CLK. 


Dual-Port Memory Host Proc. Read Cycle (No contention) 
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CLK 


HREQ (*) 





HDT-R 











HDLE 


(*) HREQ is internally synchronized by the IDPC. If the setup time to the rising 
edge is not met, the memory cycle starts on the next rising edge of CLK. 


Dual-Port Memory Host Proc. Write Cycle (No contention) 


nnn nnn a erase CT CE ETT TTI AES SES ST Se aS SSS SSS SSPEARS 
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peay /e007}—peay }soH—peay |e907] :uo}}Uua}U0D Aloway jog-jeng 





31GH 


O-L0H 


O3YH 


37707 


y-107 


WD 
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Multiplexed Mode 


No. 





“tscucl = SCLK cycle time. 
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SCLK 


SFS 





Time Slot 0 


SFS Timing for Multiplexed Mode 


Time Slot 1——-_——> 
Bit Bit 
pf 7 


= eemaenernnen peice ane dreremmme arrears oeanraesramammsesaa 


Q} Time Slot 0 ® 





SFS Timing for Extended Mode 
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ISDN Subscriber Access Controller (ISAC-S) Devices 


DISTINCTIVE CHARACTERISTICS 


™ S-Bus transceiver according to CCITT 1.430 = Serial interfaces for various types of B-channel 


rces/ ination LD, SS! 
Recovery of clock and frame sources/destinations (SLD, SS!) 


ee Switching functions for B-channels 
Frame alignment for trunk line termination 


Watchdog timer 
Access to Echo bit 


, tak, ioe Switching of test loops 
Implementation of activation/deactivation 


procedure according to CCITT 1.430 8-bit microprocessor interface 


Support of LAPD protocol Advanced CMOS technology 


mM FIFO buffer (2 x 64 byte) for efficient transfer of 
D-channel packets 


Low power consumption 


GENERAL DESCRIPTION 


The Am2085 ISAC-S™ is a transceiver circuit able to The device is mounted in a 40-pin CMOS package. 
interface voice/data communication equipment to the hd 
four-wire CCITT S-bus. It supports the LAPD protocol in The power consumption of the device inthe active state 
hardware. For an efficient transfer of D-channel pack- is 80 mW (8 mW in Power Down State). 

ets, FIFO structures are used. 
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CONNECTION DIAGRAMS 
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LOGIC DIAGRAM 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 


(Valid Combination) is formed by a combination of: 


AM2085 P Cc 


a. Device Number 

b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial ( 0 to +70°C) 


c. PACKAGE TYPE 


P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 


Am2085 


ISDN Subscriber Access Controller (ISAC-S) 
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Valid Combinations 


AM2085 PC, JC, PCB, JCB 





Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


AD»o—ADr 
Address Bus (Input) 


The multiplexed Address/Data Bus transfers data and 
commands between the microprocessor System and 
the ISAC-S. 


ALE 
Address Latch Enable (Input) 


A High on this line indicates an address on the external 
address/data bus, selecting one of the ISAC-S internal 
sources or destinations. 


CP 

(Output) 

Synchronized clock output. 

cs 

Chip Select (Input; Active Low) 


ALow onthis line selects the ISAC-S for a read/write op- 
eration. 


DCL 

Clock (Input/Output) 

This pin supplies the device clock. 
FSC1 


Frame Sync 1 (Input/Output) 


Supplies the synchronization signal 1: input (LT-S/NT) 
or output (TE/LT-S). 


FSC2 
Frame Sync 2 (Input/Output) 


Supplies the synchronization signal 2: input (LT-S/NT) 
or output (TE/LT-T). 


INT 


Interrupt (Output; Active Low) 


The signal is activated when the ISAC-S requests an 
interrupt. It is an open-drain output. 


M;, Mo 

(Input) 

Setting of operating mode. 

RD 

Read (Input; Active Low) 

This signal indicates a read operation. 


RST 


Reset (Input; Acitve High) 


A High on this input focus forces the ISAC-S into reset 
state. 
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SCA/FSD 
Serial Clock Port A/Frame Sync. Delayed (Output) 


Depending onthe programmed timing mode, this output 
supports either a 128-kHz clock signal for the SSI port or 
a delayed 8-kHz frame synchronization signal for |OM 
interface. 


SDAR 
Serial Data Port A Receive (SS}) (Input) 


This line receives serial data at standard TTL or CMOS 
levels. An integrated pull-up circuit enables connection 
of an open-drain/open-collector driver without an exter- 
nal pull-up resistor. 


SDAX 
Serial Data Port A Transmit (SSI) (Output) 


This line transmits serial data at standard TTL or CMOS 
levels. 


SDI 
(Input/Output) 
Serial Data In, |OM interface. 


SDO 
(Output) 


Serial Data Out, IOM interface. 
SIP/EAW 


SLD Interface Port (Input/Output) 


This line transmits and receives serial data at standard 
TTL or CMOS levels. When the terminal-specific func- 
tions are selected, this line serves as the subscriber 
awake line. 


SR1 

(Output) 

S-bus receiver, 2.5 V reference output. 
SR2 

(Input) 

S-bus receiver, signal input. 

SX1 

(Output) 

Positive output S-bus transmitter. 


SX2 
(Output) 


Negative output S-bus transmitter. 
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UFI 
(Output) 


Connection for an optional external RC circuit. 


Vop 
Power supply (+5 V +5%). 


Vssa 

Analog ground. 

Vssp 

Digital ground. 

WR 

Write (Input; Active Low) 

This signal indicates a write operation. 
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X2, X1, Xo 

(Input/Output) 

Operating mode-specific functions. 

XTAL1 

(Input) 

Connection for crystal or external clock input. 


XTAL2 
(Output) 


Connection for external crystal. Left unconnected if 
external clock is used. 
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OPERATIONAL DESCRIPTION 


The ISAC-S, designed for the user area of the ISDN ba- 
sic access, Can be used for the following applications 


e Terminal equipment type 1 
ISDN feature telephone, extended ISDN terminal 


e Network termination 2 


PABX, including the functions for the following: 


—line termination on S(LT-S), just as in a digital 
subscriber line module 


—line termination on T(LT-T), just as in a digital 
line trunk module 


The operating mode of the ISAC-S must be selected by 
pin-strapping, as described in Operating Modes, before 
Power On Reset. 


corresponding to the appropriate basic operating mode 
of the ISAC-S: 


TE Mode 


LT-S mode (INFO 2 and 4 will be generated automatically) 


NT mode (info 2 and 4 must be initiated by software) 


LT-T mode 


according to CCITT 1.430 (see Control of Layer 1). F3 
standby state means that the internal oscillator is active, 
and the DCL clock and the FSC1/FSC2 frame signals 
are delivered as output signals. The F3 power down 


Reset state, with a minimum power consumption of not more 
After Reset, Layer 1 will have reached the following than 8 mW, can be achieved by programming the 
state: CFS-bit = “1” in the ADFR register. 


@ Gi deactivated in LT-S/(NT) mode 
@ F3 standby in TE/LT-T mode 





Table 71. Subset of ISAC-S Registers with Defined Reset Values (in Hex) 


Register Value After Reset Meaning 


ISTA 00 
MASK 00 
EXIR 00 
STAR 48 


No interrupts 

All interrupts enabled 

No interrupts 

XFIFO is ready to be written to 

RFIFO is ready to receive at least 16 octets of a new message 
No command 

Auto mode 

1-octet address field 

External timer mode 

Receiver inactive 

IOM interface, monitor channel not used (TE: pt-pt, LT-S/(NT): 
point-to-multipoint) 

No frame bytes received 

SDI pin = High 

SIP/SAW pin “High Impedance” (SLD interface deactivated) 
Timing mode 0 (terminal) 

IOM interface test loop deactivated 

SLD B-channel loop is selected 

SDAX pin = High 

Serial interface port for the SLD interface selected 

TIC bus address 0 

No Synchronous Transfer 

C/l code = 1111 

TE-channel data = 1 

TIC bus is not requested for transmitting a C/I code 

No prefilter 

Active clock signals (Standby) in TE mode 

Adaptive timing (point-to-multipoint) in NT/LT-S 
FSC1/FSC2 frame signals are not inverted in TE mode 
Interframe time fill = consecutive 1 


CMDR 00 
MODE 00 


RFBC 00 
SPCR 00 


STCR 00 


CIXR BF 


ADFR 00 
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Initialization 


During initialization phase the appropriate registers must be programmed according to the application and the desired 
features, as listed in Table 2. 


Function 


Special Functions 


Masking Interrupts 


D-channel 


(HDLC port) 


Serial interface 


Table 2. Programming for Initialization Phase 


Register 


ADFR 


MASK 
MODE 


TIMR 

XAD1 

XAD2 

SAP 1/SAP2 
TEIM/TEI2 


SPCR 


B-channel switching, 


Terminal-specific 


functions 


STCR 


CIXR 


Effect 


Prefilter 

Disabled Layer-1 functions 

Standby/power-down selection in TE mode, fixed (point-to-point, S interface), 
adaptive (S-bus) timing in LT-S mode 

B1/B2-channel assignment (SSI) in TE mode 

Interframe time fill in HDLC port mode 


Masking of selective interrupt sources 


Message transfer mode 
2-octet/(1-octet) address 
Timer mode: external/internal (auto mode only) 
IOM interface mode: 
IOM: point-to-point and point-to-multipoint (LT-S,NT) 
IOM: point-to-multipoint (TE) 
HDLC port: (TEM-bit 1) 
N1 and 711 in internal timer mode (TDM-bit in mode) T2 in external timer mode 
SAPI: LAPD transmit address octet (auto mode only) 
TEI: 
SAPI: LAPD receive address octet for the internal address recognition 
TEI: 


SLD port inactive/active 

Timing mode 0, 1 

IOM interface loop (reduced timer resolution) 
B-channel switching 

Terminal-specific functions/SLD interface 

TIC bus address 

Subscriber/Exchange Awake, Watchdog Timer 


Table 3. Characteristics and Typical ISDN Applications of the Message Transfer Modes 


Message Transfer Modes 





Non- Transparent Ext. Transparent Ext. Transparent 
Auto Mode Auto Mode Mode Mode 1 Mode 0 
Characteristics One logical link 
(SAP1, TEI1) can be 
handled autonomously 
Window Size (WZ) = 1 
Full address recognition Full SAPI SAPI No address 
(SAPI, TEl) address address address recognition 
recognition recognition recognition 
(SAPI, TEI) fully transparent 
Typical Terminal: WZ = 1 Terminal: WZ 2 1 
Application Exchange: Exchange: Exchange: Exchange: Diagnostic 
point-to-point point-to-point bus configuration bus configuration 
configuration configuration . 
WZ = 1 WZ 2 1 
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Processing 


Assuming the ISAC-S has been initialized for typical ap- 
plications in the user area of the ISDN basic access, the 
ISAC-S is now ready to transmit and receive messages 
in the D-channel (LAPD support). As a prerequisite for 
that, the Layer 1 must be previously activated. The con- 
trol of the data transfer phase is mainly done by com- 
mands from microprocessor to ISAC-S via the CMDR 
register and by interrupt indications from ISAC-S to mi- 
croprocessor (ISTA and EXIR register). 





The two B-channels (B1/B2) can be switched in a highly 
flexible manner between the S interface (IOM interface) 
and the SSI and SLD interface. 


Control of Layer 1 


The management commands of Layer 2, programmed 
inthe CIXR register, trigger certain procedures in Layer 
1. The responses from Layer 1 can be read from CIRR 
register after a CIC interrupt (ISTA). An example of acti- 
vation and deactivation with the respective commands 
and indications is depicted in Figure 4. 
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Figure 4. Example of Activation/Deactivation 
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Tables 4 to 6 contain the command/indication codes in the different operating modes: 


Table 4. Commands and Indications in LT-S Mode 


Command (downstream) Abbr. Code Remark 

Deactivate request DR 0000 (x) 

Send continuous zeros SCZ 0001 Transmission of AMI pulses at a frequency of 96 KHz (x) 
Send single zeros SSZ 0010 Transmission of AMI pulses at a frequency of 2 kHz (x) 
Activate request ARD 1000 

Activate request loop ARL 1010 Activate request for loop 2 

Deactivate indication DID 1111 Deactivation acknowledgment, quiescent state 


Indication (upstream) 


Lost signal level LSL 0001 No receive signal 

Lost framing RSYU 0100 Receiver is not synchronous 

Activate request ARU 1000 Info 1 received 

Activate indication AlU 0100 Synchronous receiver 

Deactivate indication DIU 1111 Timer TS6 or TS7 expired after deactivation command 


Note: (x) = unconditional commands 


Table 5. Commands and Indications in NT Mode 





Command (downstream) Abbr. Code Remark 

Deactivate request DR 0000 (x) 

Send continuous zeros SCZ 0100 Transmission of AMI pulses at a frequency of 96 kHz 
Activate request ARD 1000 Transmission of info 2 

Activate request loop ARL 1010 Transmission of info 2, switching of test loop 2 
Deactivate indication DID 1111 Deactivation acknowledgment, quiescent state 
Activate indication AID 1100 Transmission of info 4 

Activate indication loop Alt 1110 


Indication (upstream) 


Timing TIM 0000 Clocks are required 

Lost signal level LSL 0001 No receive level 

Lost framing RSYU 0100 Receiver is not synchronous 

Error indication El 0110 RST and SCZ both active 

Activate request ARU 1000 Info 1 received 

Activate indication AlU 1100 Synchronous receiver 

Deactivate indication DIU 1111 Timer TS6 or TS7 expired after deactivation command 


Note: (x) = unconditional commands 
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Table 6. Commands and Indications TE/LT-T 


Command (downstream) Abbr. Code 
Timing TIM 0000 
Reset RS 0001 
Send single zeros $SZ 0010 
Activate request, priority 8 AR8 1000 
Activate request, priority 10 AR10 1001 
Activate request ARL 1010 
Deactivate indication DIU 11114 


Indication (upstream) 


Power up PU 0111 
Deactivate request DR 0000 
Slip detected SD 0010 
Disconnected DIS 0100 
Error indication El 0110 
Level detected RSY 0100 
Activate request ARD 1000 
Test indication TI 1010 
Activate indication with Al 8 1100 
priority class 8 
Activate indication with Al 10 1101 
priority class 10 
Deactivate indication DID 1111 


Note: (x) = unconditional commands 


Transfer of LAPD frames in the D-Channel 


When Layer 1 of the S interface is activated, the ISAC-S 
is able to transmit and receive LAPD frames via this 
international standardized interface in a highly sophisti- 
cated manner. 


The LAPD protocol support depends on the selected 
message transfer mode (Table 5 and Layer 2 Functions 
section). The powerful FIFO structure of the ISAC-S, 
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Remark 


Clocks are required 

(x) 

Transmission of AMI pulses at a frequency of 2 kHz (x) 
Activation command set D-channel priority to 8 
Activation command set D-channel priority to 10 
Activation of test loop 3 (x) 

IOM interface can be switched into idle state 


IOM clocking is provided 

Deactivation request by S 

Wander is larger than 18 1s peak-to-peak 

Pin CON connected to GND 

(RST=1 and CFS-bit = 0) or RS 

Signal received, receiver 

Info 2 received 

Test loop 3 activated or continuous zeros transmitted 
Info 4 received, D-channel priority is 8 or 9 


Info 4 received, D-channel priority is 10 or 11 


Clocks will be in disabled quiescent state 


which consists of a 2 x 32 byte receive and a 
2 x 32 byte transmit FIFO, as well as an intelligent FIFO 
controller, builds a flexible connection between the 
LAPD controller of the ISAC-S and upper layer protocol! 
functions in the microcontroller system via the micropro- 
cessor interface. Assuming a normally running commu- 
nication link (Layer 1 activated, Layer 2 link established, 
TE! assigned, and so on), Figure 5 demonstrates the 
transfer of an |I-frame via the D channel. 
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LAPD Link 


0 


| XIF or XTF 






| |-Frame 


XIF or XTF and XM 





“In auto mode, the “RR” response will be transmitted autonomously 11136-005B 
(provided operation is normal) 


Figure 5. Transmission of an |-Frame in the D-channel 
(Subscriber to Exchange) 


The following table summarizes the commands which CMDR register to Control Layer 2 (see also Detailed 
can be programmed by setting appropriate bits in the Register Description). 


Table 7. CMDR Register Bits for Layer 2 Control 


Com. HEX Bit 7-0 Meaning 

RMC 80 1000 0000 Receive message complete 

RHR 40 0100 0000 Reset HDLC receiver 

RNR 20 0010 0000 Receiver not ready (auto mode) 

ST 10 0001 0000 Start timer 

XTF 08 0000 1000 Transmit transparent frame without closing the frame 
XIF 04 0000 0100 Transmit “auto mode” I-frame without closing the frame 
XTFC OA 0000 1010 Transmit transparent frame and close frame 

XIFC 06 0000 0110 Transmit “auto mode” I-frame and close frame 

RHX 01 0000 0001 Reset HDLC Transmitter 
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Interrupt List 
In the following table, all interrupts of the ISAC-S are listed together (see also Detailed Register Description). 


Layer 2 
receive 


Layer 2 
transmit 


Layer 1 


Synchronous 
transfer 


Terminal- 
specific 
functions 


RPF 


RME 


RFO 


PCE 


TIN 


XPR 


RSC 


XMR 


XDU 


CIC 


MOR 


S 


N 


SOV 


SAW 


WOV 


EX! 


Tabie 8. WVieaning of ISAC-S interrupts (Layer 1 and Layer 2) 


interrupt 


ISTA 


ISTA 


EXIR 


EXIR 


ISTA 


ISTA 


ISTA 


EXIR 


EXIR 


ISTA 


EXIR 


ISTA 


EXIR 


EXIR 


EXIR 


ISTA 


Receive 

Pool Full 
Receive 
Message End 
Receive 
Frame 
Overflow 


Protocol 
Error 


Timer 
interrupt 


Transmit 
Pool Ready 


Receive 
Status 
Change 
Transmit 
Message 
Repeat 


Transmit 
Data 
Underrun 


C/| Code 
Change 


Synchronous 
Transfer 
Interrupt 


Synchronous 
Transter 
Overflow 


Subscriber 
Awake 


Watchdog 
Timer 
Overflow 


Extended 
Interrupt 


Meaning 


Request for reading 
received octets of a 
LAPD frame from RFIFO. 


A frame has been lost. 
The microcontroller 
has failed the minimum 
reaction time. 


S- or I-frame with in- 
correct N(R) or S-frame 
with I-field received, 
(in auto mode only). 


External timer expired 

or, in auto mode, 

internal timer (T200) 

and repeat counter 
(N200) both expired. 
Acknowledgment that 
further octets of an LAPD 
frame can be written to 
the XFIFO. 


A status change from 
peer has been received, 
RR/RNR frame. 


Frame must be repeated 
due to a transmission 
error and/or a received 
negative acknowledgment. 
Frame has been aborted 
because the XFIFO holds 
no further data (messages 
greater than 32 octets). 


A change of indication 
from layer-1 has been 
detected. 


Not used in the ISAC-S. 


Synchronization of micro- 
processor and data transfer 
via serial interfaces. 


The SIN interrupt was 
not confirmed on time by 
setting the appropriate 
ST0/(1)-bit in STCR. 


Indicates a falling edge 
on SAW line (terminal- 


specific functions are selected. 


Watchdog timer has been 
expired (terminal-specific 
functions are selected). 


An interrupt indicated in 
EXIR has occurred. 
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Reaction (ISDN) 


Read the octets and 
acknowledge with RMC 
command. 


Error report for statistical 
purposes only. 


Error report Data link 
release indication to 
Layer 3. 


Error report Data link 
release indication to Layer 3 
(no acknowledgment from 
peer entity). 


Write further octets to the 
XFIFO and subsequently 
request (further) transmission 
with X_F or X_FC. 

Read STAR register, check 
RRNR-bit and report it. 


Transmission of this frame 
must be repeated. No 
indication to Layer 3. 


Read CIRR register and 
report reason to 
management entity. 


Access to B-channel registers 
BCX1/2, BCR1/2, or SFCR. 
Has to be confirmed by setting 
the appropriate ST0/(1)-bit 

in STCR within a time limit. 
Abnormal error condition. 
Revise access software. 


Switch into “Power Up” 
state and start data link 
establish procedure. 
Worst error condition. 
Restart system software. 


Read EXIR and determine 
interrupt source. 
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FUNCTIONAL DESCRIPTION 


The Am2085 performs the Layer 1 functions of the ISDN 
basic access as well as B-channel switching and wide- 
spread functional support for Layer 2. 


General Functions and Device 
Architecture 


The detailed block diagram of the ISAC-S is shown in 
Figure 6. 


The left side of the diagram contains the Layer 1 func- 
tions, according to CCITT | series recommendations: 


mM S-bus transmitter and receiver 


— Timing recovery and synchronization by means of 
digital PLL circuitry 


Z  Activation/Deactivation 


Mi Mo 





™ D-channel access 


Furthermore the following diagnostic tests are 
implemented: 


™ Testloop 2 (NT/LT-S) and 3 (TE/LT-T) close to the 
S-bus 


™ Send single AMI pulses at 2 kHz and send 
continuous AMI pulses at 96 kHz 


The right side consists of Layer 2 functions to support 
LAPD and provides B-channel switching capabilities. 


In a special operating mode, the auto mode, the ISAC-S 
processes information transfer and procedure hand- 
shakes (Il- and S-frames) of the LAPD protocol 
autonomously. 


IDP1 IDPO 





SDAR 
SDAX/SDS1 
>» SCA/FSD/SDS2 
SIP/EAW 
HDLC , HDLC 
Re- ‘ trans- eivte 
ceiver 'mitter | Contro 
Status/ 
command 
register i" 
R- ' X- 
FIFO ; FIFO 
Voo 
XTALt Timing | Vss 
_ ne Py 
pP Interface 
NT § as ED (ae ss) ba 
Rb WR CS ALE INT 
Xo-X2 CP/BCL DLC SCA/FSD/ FSC1 FSC2 
pues AD.-AD 
aa 11136-006B 
Figure 6. ISAC-S Device Architecture 
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Two serial interfaces to B-channel sources/destinations 
are realized: 


™ The standard SLD interface which is a bidirectional 
(ping-pong) 256-kb/s interface primarily optimized 
for telecommunication applications 


M The full-duplex 128-kb/s interface, SSI, which can 
_ serve as a general interface in TEs to transfer the 
two B-channels 


Control and monitor functions as well as data transfers 
(D-channel messages, transparent B-channel data) by 
the users CPU is performed through a standard 8-bit 
microprocessor interface. A highly sophisticated 2 x 64 
byte FIFO structure for both directions enables a flexible 
D-channel message information exchange between the 
LAPD (HDLC) controller and a microcontroller system. 


The timing unit is responsible for the system clock and 
frame synchronization. Pin-strapping determines its 
operating mode. 


Operating Modes 
The Am2085 is configurable for the following applica- 
tions: 
@ ISDN terminals (TE) 
—> TE (mode) 


@ ISDN subscriber line termination (LT-S) 
—> LT-S/(NT) mode 


@ ISDN trunk line termination (PABX connection to 
central office) 
—> LT-T mode 


Configuration is performed by pin-strapping (pins Ma, 
Mo), yielding different meanings to the multifunctional 
pins (Xo, X1, X2) as well as the clock and framing signal 
pins (DCL, FSC1, FSC2, CP). 


Table 9. Operating Modes and Functions of Mode-Specific Pins of Am2085 ISAC-S 


Appli- 

cation M2 Mo DCL FSC1/2 CP X2 x1 X0 

TE 0. 6~—O O: 512 kHz* O: 8 kHz* O: 1536 kHz’* O: ECHO O: 3840 kHz 1: CON 
LT-T 0 61 I; =512kHz l: 8kHz O: 512 kHz" I: fixed at 0 I: fixed at O I: CON 
LT-S1 1 O I: 512 kHz I: 8 kHz I: fixed I: fixed at 0 O: 7680 kHz at 0 I: fixed at 0 
NT 1 1 I: = =512kHz I; 8 kHz I: SCZ I: SSZ I: fixed at 0 = 
*synchronized to S |= Input O = Output 


Notes: ECHO Reproduces the E-bits received from the S interface synchronously to IOM frame “D”-bits 
(bit positions 24 and 25 of IOM frame). All other bit positions are binary 1. 


CON ~~ Connected to S-bus 
SCZ Send continuous binary zeros (96 kHz) 
SSZ Send single binary zeros (2 kHz) 


Am2085 
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The different operating modes in relation to the timing recovery are illustrated in Figure 7. 
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Figure 7. Operating Modes of ISAC-S 
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Interfaces 

The ISAC-S serves three different user-oriented inter- 
face types: 

™@ parallel processor interface to higher layer functions 


™ SSI and SLD as interfaces for B-channel sources/ 
destinations 


H JOM interface; to the Layer 1 functions of the ISDN 
basic access (TIC bus) 


Microprocessor Interface 


The microprocessor interface consists of bus trans- 
ceiver, address register, and bus control logic. Via this 
interface, the ISAC-S can be connected to the multi- 
plexed address/data bus of a microcontroller system. 
The following functions can be performed by writing and 
reading special registers in the ISAC-S (see Detailed 
Register Description section): 


H Transfer of data packets in the D-channel 


™ Control of Layer 2 functions for the ISDN basic 
access 


H Switching of B-channels 


SSI 
B-channel source/destination 


128 ikb/s 


Serial Synchron 128 1 kb/s 
Transceiver ' 

Device 

Codec filter... | : 


8 ' kHz 


SDAR, X 


| 128 | kHz __ 





Access to the B-channels 


Control of Layer 1 functions for the ISDN basic 
access 


B Support of diagnostic functions 


Inthe case of special events in the ISAC-S, the proces- 
sor is notified by interrupt. The interrupt source can be 
determined and acknowledged by means of the ISAC-S 
registers ISTA, EXIR, and MASK (see Detailed Register 
Description). 


Serial Synchronous Interface (SSI) 


The serial port SSI serves as a full-duplex connection to 
B-channel sources/destinations in terminal equipment 
with a data rate of 128 kb/s. SSI consists of one data line 
for each direction (SDAX and SDAR), the 8-kHz frame 
synchronization signal (FSC1 and/or FSC2), and the 
128-kHz clock signal (SCA/FSD). This serial interface 
allows the possible connection of serial synchronous 
transceiver devices (USART Am82520 HSCC) and vari- 
ous CODEC filters directly to the ISAC-S, as illustrated 
in Figure 8. 
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Figure 8. Connection of B-channel Sources/Destinations 
to the ISAC-S via SSI 
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Programming the FSC1/FSC2-bit in the ADFR register 
makes it possible to independently program the strobe 
signals FSC1/FSC2 so that either B1 or B2 is selected 
for further processing by the terminal device. The 
microcontroller system has access to B-channel data 
via the ISAC-S registers BCR1/BCR2 and BCX1/BCX2. 


The microprocessor access must be synchronized to 
the serial transmission process by means of the 
Synchronous Transfer Interrupt (STCR; see Detailed 
Register Description). 


SLD Interface 


The standard SLD interface is a three-wire interface with 
a 512-kHz clock (DCL), an 8-kHz frame direction signal 
(exchange: FSC1 only, terminal: FSC1 and FSC2), and 
a serial ping-pong data lead (SIP) with an effective full- 
duplex data rate of 256 kb/s. 


B-channel source/destination 


SLD compatible 


voice/data 
module 


SLDin 


<q—_—— 


SIP 





DCL timing mode 0 


FSC1/FSC2 





! 
FSC1/FSC2 oi a iorerees ae 


The SLD interface can be used in: 


B Terminal configurations (timing mode “0”) as a 
full-duplex time-multiplexed (ping-pong) connec- 
tion to B-channel sources/destinations. 


B Digital exchange configurations (timing mode “1”) 
as a full-duplex time-multiplexed connection of 
B-channel sources/destinations, in this case the 
ISAC-S itself, to a peripheral board controller. Ina 
typical line-card application the PBC performs 
time slot assignment of the B-channels to PCM 
highways, building a system interface to a 
switching network and a central processor as 
shown in Figure 10. 
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Figure 9. Connection of B-channel Sources/Destinations 
to the ISAC-S via SLD 
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Figure 10. Connection of the ISAC-S as B-channel Source/Destination 
to a Peripheral Board Controller (PBC) 


The microcontroller system has access to B-channel 
data, the Feature Control Byte (FC) and the Signaling 
Information (SIG) via the ISAC-S registers: 


M BCR1/2 and BCX1/2 <—B1/B2 
@ SFCR ’ <—FC 
mM SSGR and SSGX <—SIG 


The microprocessor access to BCR1/2, BCX1/2 and 
SFCR must be synchronized to the serial transmission 
process by means of the Synchronous Transfer Inter- 
rupt (STCR) and the BVS-bit (STAR). 
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ISDN Oriented Modular (OM) Interface 


Although the ISAC-S combines the Layer 1 functions of 
an Am2080 S-bus transceiver (SBC) with the HDLC 
functions on one chip, the IOM interface is externally still 
available for Telecom IC (TIC) bus applications. The TIC 
bus allows the possible connection of up to seven addi- 
tional IOM-compatible Communications Controllers via 
the Layer 1 functions of the ISAC-S to CCITT’s S inter- 
face as shown in Figure 11. 
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Figure 11. Typical TIC Bus Application 





The IOM interface consists of one data line per direction 
(SDBR and SDBX). Three additional signals define the 
data clock (DCL) and the frame _ synchronization 
(FSC1/FSC2) at this interface. These signals are inter- 
nally derived from the S interface and are delivered by 
the ISAC-S in timing mode 0 (terminal). 


Intiming mode 1 (exchange), the clock anda synchroni- 
zation signal are provided by the system. In this case, 
the IOM interface is synchronization by a synchroniza- 
tion signal SCA/FSD, delayed in time with respect to the 
frame synchronization signal supplied by the system. 
This reduces the round-trip delay time (see Figure 12). 
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Figure 12. l1OM Interface Signals 


The IOM interface has two different clocking states: 


M Idle state <—FSC1/FSC2 and DCL are disabled 
and both data lines are logical High 


(power down) 
H Clocked state <— FSC1/FSC2 and DCL are 
enabled (stand by) 


Unlike digital exchange configurations in which the |OM 
interface always remains in the synchronized state, in 
terminal equipment both clock states can be selected. 


The transition from idle state to clocked state will be 
automatically initiated by an incoming call from network 
side. An activation of the IOM interface from the sub- 
scriber end has to be programmedzd in this case by setting 
and resetting the SPU-bit in the SPCR register, before 
the IOM interface can be used (that is, for the activation/ 
deactivation procedure at the S interface, see Opera- 
tional Description section). 
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The IOM Channel Structure 


The channel frame structure of the IOM interface and the related channel capacity are defined in Figure 13 as 


follows: 
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Figure 13. 1|OM Channel Capacity 


Inthe ISAC-S, the monitor channel supports the TIC bus 
access mechanism as well as the indication of the S-bus 
status (D-channel access). The ISAC-S indicates by 
means of monitor bit 3 (BAC) whether or not it occupies 
the TIC bus (B-channel). 


The control of the Layer 1 functions, especially the acti- 
vation/deactivation procedure at the S interface, will be 
done by the exchange of special 4-bit C/l-codes in the 
C/I channel. 


The T-channel, which is fully transparent, and the 
E-channel are reserved for future use. 


TIC Bus 


The TIC bus is operated in point-multipoint configura- 
tion. It uses a wired-OR connection of the data outputs 
to enable the TIC bus access mechanism. Therefore the 
ISAC-S contains an internal pull-up resistor at the SDI 
pin. 


The TIC bus is controlled by a collision resolution 
mechanism in the monitor channel similar to the 
D-channel access on the S-bus. 


Individual Functions 


Distinctive functions for the ISDN basic access realized 
in the ISAC-S are: 


™ B-channel switching 


@ Layer 1 functions 
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™ Layer 2 functions 

— Terminal-specific functions 
— Test functions 

B-Channel Switching 


The ISAC-S contains two serial synchronous interfaces 
which can serve as interfaces to B-channel sources/ 
destinations. 


™ SSI —> 128 kb/s data rate, B1 and B2 
—> one data line per direction 


M SLD —> 256 kb/s data rate, B1 and B2 (and also 
FC and SIG) 
—> one data line for both directions 
(ping-pong) 


Both channels B1 and B2 can be switched independ- 
ently of one another to the IOM interface and to the four- 
wire S interface. Furthermore, it is possible to programa 
loop for B-channel data received from the IOM or SLD 
interface. The microcontroller can select the B-channel 
routes in the SPCR register and has access to the B- 
channels by writing or reading the BCR/BCR2 and 
BCX1/BCX2 registers (Figure 14). Synchronization to 
the 8-kHz frame is done by means of a Synchronous 
Transfer programmed in the STCR register (SIN Inter- 
rupt indicated in the ISTA register and SOV interrupt in 
EXIR). 
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Figure 14. Principle of B-channel Switching 
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In Figure 15 all possible selections of the B-channel routes and access to B-channel data via the micoprocessor inter- 
face are illustrated. 
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Figure 15. B-channel Routes and Access to B-channel Data 
Layer 1 Functions for the ISDN Basic Access 


The S-bus interface circuit in the ISAC-S performs the — implementation of activation/deactivation 


Layer 1 functions for the S/T interface of the ISDN basic procedures 

access according to CCITT 1.430. The distinctive func- ae 

tions are listed below: ™ Switching of test loops 

mM S-bus transceiver according to CCITT 1.430 ™ Level detection in power-down state 

M Recovery of clock and frame in all applications The wiring configurations in user premises, in which the 


; ISAC-S can be used, are illustrated in Figure 16. 
HZ Frame alignment for trunk line termination 
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Figure 16. Wiring Configurations in User Premises 
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“S” Interface 


According to CCITT recommendation 1.430, a modified 
AMI code with 100% pulse width is used on the S inter- 
face. A logical 1 corresponds to a neutral level (no cur- 
rent), whereas logical Os are coded as alternating posi- 
tive and negative pulses. An example of a modified AMI 
code is shown in Figure 17. 


Binary values +V 


Line signal —V 


One S-frame consists of 48 bits at a nominal bit rate of 
192 kb/s. Thus each frame carries two octets of B1, two 
octets of B2, and four D-bits, according to the B1+B2+D 
structure defined for the ISDN basic access (total useful 
data rate: 144 kb/s). Frame beginning is marked using a 
code violation. The frame structures (from network to 
subscriber and subscriber to network) are shown in 
Figure 18. 
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Figure 17. Modified AMI Code 
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ISDN APPLICATIONS 
System Integration 


The basic architecture for the ISDN basic access ac- 
cording to CCITT | series recommendations consists of 


mM an exchange and trunk line termination in the 
central office (ET, LT) 


™ aremote network termination in the user area (NT) 
— a two-wire loop (U interface) between NT and LT 


™ a four-wire link (S_ interface) which connects 
subscriber terminals, PABX system and the NT in 
the user area as depicted in Figure 18. 


The NT equipment simply serves as a link between the 
U interface on the exchange and the S interface onthe 


ISDN 
User Area 


user side. The NT itself may consist of either an NT1 
only or an NT1 together with an NT2 connected via the T 
interface which is physically identical to the S interface. 
The NT1 is a direct transformation between Layer 1 of S 
and Layer 1 of U. NT2 also includes the complex func- 
tions like multiplex and exchange functions in higher 
layer OSI functions. | 


The ISAC-S is specifically designed for the user area of 
the ISDN basic access, especially Terminal and PABX 
exchange equipment. Figure 19 illustrates the general 
subscriber access architecture in the user area of the 
ISDN basic access including Terminal and PABX 
equipment. 


ISDN 
Central Office 
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Figure 18. ISDN Architecture for the Basic Access 
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Figure 19. ISAC-S Applications in the User Area (ISDN Basic Access) 


The concept of the ISDN basic access is based on two 
Circuit-switched 64 kb/s B-channels and a message- 
Oriented 16 kb/s D-channel for packetized data, signal- 
ing, and telemetry information. 


The two serial interfaces of the ISAC-S, SLD, and SSI 
can be used as interfaces for B-channel sources/desti- 
nations, and the IOM interface in TIC-bus configuration 
provides the possibility of connecting further D-channel 
link entities to the S-bus. 


Via the microprocessor interface, the microcomputer 
system can select the B-channel switching, can 
transmit/receive data packets inthe D-channel, and has 
control over various functions (Layer 2, Layer 1, 
diagnostic, . . .). 


To get a general idea, the following figures illustrate the 
ISAC-S integration into typical ISDN applications. 
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Figure 20. Extended ISDN Terminal (Voice/Data Workstation) 11136-020B 
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Figure 21. Basic ISDN Feature Telephone 
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Figure 22. ISDN Line Card for PABX 
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Microprocessor Environment 


The ISAC-S is especially suitable for cost-sensitive 
applications with single-chip microcontrollers (that is, 
Am8031, Am8051). Due to its bus structure (8-bit multi- 
plexed address/data bus) and non-critical bus timing, 
it also fits perfectly into almost every 8-bit microproces- 
sor system environment (that is, 8085, 8088, 80188). 


Am80C51, 


ADo 





(Am80188) 
(FSCX) 
Ais =e 
Ag 
AD, 
/ KO 


With minimum hardware or software expense, it is also 
possible to use the ISAC-S with 16-bit microprocessors 
(that is, 8086, 80186). Figure 23 gives an example of the 
integration of ISAC-S in an 80C51 or 80188 system. 
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Figure 23. Example of Integration of ISAC-S in an Am80C51 or Am80188 System 
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Note: Dots demarcate those parts of the frame that are independently DC-balanced. 


Figure 24. Frame Structure at Reference Points S and T (CCITT 1.430) 
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Analog Functions 


The full-bauded AMI pulse shaping is achieved with the 
integrated transmitter which is realized as a voltage 
limited current source. A current of 7.5 mA is delivered 
over SX1-SX2, which yields a voltage of 1.5 V over 
200 ohms. 


The receiver is designed as a threshold detector with 
adaptively switched threshold levels. Pin SR1 delivers 
2.5 V as an output, which is the virtual ground of the 
input signal on pin SR2. 


An external transformer of ratio 2:1 is needed in both re- 
ceive and transmit directions to provide for isolation and 
to transform voltage levels according to CCITT recom- 
mendations. . 


Level Detection Power Down (TE mode) 


In power-down state, only an analog level detector is 
active. All clocks, including the IOM interface, are 
stopped. The data lines are High, whereas the clocks 
are Low. 


An activation initiated from the exchange side (Info 2 on 
S-bus detected) will have the consequence that a clock 
signal is provided automatically. From the terminal side, 
an activation must be started by setting and resetting the 
SPU-bit in the SPCR register (see Detailed Register 
Description section). 


Timing Recovery 


A DPLL circuitry working with a frequency of 7.68 MHz 
+100 ppm serves to generate the 192-kHz line clock 
from the reference clock delivered by the network and to 
extract the 192-kHz line clock from the receive data 
stream. 


The 7.68-MHz clock may be generated with the help of 
an external crystal between pins XTAL1 and XTAL2. It 
may also be provided by an external oscillator. 


The buffer memory serves to adapt the different bit rates 
of the S and the IOM interface. In addition, in trunk line 
applications it absorbs the possible deviation between 
two system clocks, according to CCITT Q.503. 


Activation/Deactivation 


An incorporated finite state machine controls ISDN 
Layer 1 activation/deactivation according to CCITT. 


D-Channel Access 


The D-channel access procedure according to CCITT 
1.430, including priority management, is fully imple- 
mented in the ISAC-S. When used in LT-S (NT) mode in 
a multipoint configuration, the device generates the 
echo bits necessary for D-channel collision detection. 


Q-Channel Support 


Interminal applications (TE), the Q-channel as specified 
by 1.430 is supported. Incase the ISAC-S in the terminal 
has received a binary one in Fa-bit position, it will reflect 
this binary one in the next S frame (also Fa-bit position) 
from TE to NT. This allows another terminal to use the 
extra transmission capacity. 


Control of Layer 1 


The control of the Layer 1 functions, especially the acti- 
vation/deactivation procedure at the S interface, will be 
done by the exchange of special 4-bit Command/Indica- 
tion codes in the C/I channel (see Operational Descrip- 
tion section). 


Layer 2 Functions for the ISDN Basic Access 


LAPD, Layer 2 of the D-channel protocol (CCITT 1.441) 
includes functions for : 


™ Provision of one or more data link connections ona 
D-channel (multiple LAP). Discrimination between 
the data link connections is performed by means of 
a data link connection identifier (DLC! = SAPI + 
TE). 


M HDLC-framing 


™ Application of a balanced class of procedure in 
point-multipoint configuration. 


The simplified block diagram in Figure 25 shows the 
functional blocks of the ISAC-S which support the LAPD 
protocol. 
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Figure 25. D-Channel Processing of the ISAC-S 


For the support of LAPD, the ISAC-S contains an HDLC 
transceiver which is responsible for flag generation/rec- 
ognition, bit stuffing, CRC-check and address recogni- 
tion. In the auto mode, the LAPD controller handles the 
control field utilization and parts of LAPD procedures 
(information transfer in multiple frame operation with 
window size of 1). 


A FIFO structure with two 64-byte pools for transmit and 
receive directions and an intelligent FIFO controller 
permits flexible transfer of protocol data units to and 
from the microcontroller system. Programming of the 
several modes and control of message transfer is done 


via status, command, and mode registers (see Opera- 
tional Description and Detailed Register Description 
sections). 


For the address recognition, the ISAC-S contains the 
registers SAP1, SAP2 for an individual SAPI address 
(fixed value for Group SAPI) and TEI1, TEI2 for an indi- 
vidual TEI address. The C/R-bit interpretation can be 
programmed according to network or user side in the 
SAP1 register (CRI-bit). The control field format for the 
optional modulo 128 operation can be selected in the 
SAP2 register (MCS-bit). 
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Message Transfer Modes m@ Non-auto mode 


The ISAC-S supports Layer 2 of the D-channel protocol 
(LAPD) with different capabilities depending on the se- 
lected message transfer mode. 


™ = §6Auto mode 


The ISAC-S processes all S- and I-frames of a 
logical link fully autonomously, according to CCITT 
1.441. 


During the “communication procedure,” dialogue 
between the ISAC-S and processor is not 
necessary. The iSAC-S reports the status of the 
procedure to the processor. The Layer 2 software 


In this mode the control field and the information 
field of an HDLC frame is forwarded directly to the 
processor. The Layer 2 address recognition is still 
performed. 


Transparent modes 


The address field is either partly checked by the 
ISAC-S (SAPI) or completely forwarded to the 
processor. The Layer 2 headers are either stored in 
special purpose registers (transparent mode) or, 
together with the information field, in the FIFO buffer 
(extended transparent mode). 


remaining in the microcontroller system is used for — The three major types of message transfer mode and 
initialization and error recovery. As a prerequisite the corresponding Layer 2 functions in the ISAC-S are 


for this mode, window size 1 must be used between illustrated in Figure 26 in relation to the ISO’s OSI refer- 
transmitted and acknowledged frames. ence model. 
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Figure 26. D-channel Protocol Support of the ISAC-S 11136-0268 
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Reception of Frames 


Depending on the selected message transfer mode, the 
protocol data (address, control and information field) of 
a received frame will be stored inthe RFIFO as wellas in 
additional registers (RHCR, TEI1). The processor will 
be informed by an appropriate interrupt and must react 
within a corresponding reaction time. 


The RFIFO and the FIFO-controller have been'so de- 
signed that the maximum microprocessor reaction time 
is 16 ms for messages of more than 32 octets. The pro- 
cessor will be informed about the receiver operation 
(status) chiefly by means of the two interrupts: 


m™ =RPF (Receive Pool Full) 


mM RME (Receive Message End) —> ISTA 
(see Detailed Register Description) 


When one of the two receive pools is filled up com- 
pletely, the ISAC-S generates an RPF interrupt. 


If the processor wants to save the frame, it should, asa 
consequence, react by reading the 32 bytes out of the 
RFIFO within the maximum reaction time. 


During a handshake procedure between ISAC-S and 
microcontroller system, the processor has to acknowl- 
edge the reading by means of the RMC (Receive Mes- 
sage Complete) command. 


When the end of a frame is detected, an RME interrupt 
will be generated, indicating that the remainder of the 
current frame is now available in one of the two receive 
pools. The reception of the last part of a frame must also 


be completed with an RMC command (see Operational 
Description). 


With respect to the RME interrupt, the ISAC-S provides 
additional information about the received frame in its in- 
ternal registers, according to Table 10. 


Transmission of Frames 


The processor initiates the transmission of a message 
with one of the two commands: 


= XTF (Transmit Transparent Frame) 


@ XIF (Transmit I-frame, in auto mode only) 
—> CMDR 


after it has written up to 32 bytes in one of the two 
32-byte pools of the XFIFO. 


When one pool is empty an XPR interrupt alerts the 
processor. The processor can then write further data to 
the XFIFO and enable the continuation of frame trans- 
mission according to a handshake procedure with the 
appropriate transmit command XIF of XTF (see also In- 
terrupt List). 


The microcontroller must indicate the message end with 
an XME command (together with the appropriate trans- 
mit command XIF or XTF) for the following cases: 


m The message length is shorter than or equal to 32 
bytes and all data is entered into the XFIFO or 


™ The last part of a longer message is written into the 
XFIFO 


Table 10. Received Frame Information Saved in the Internal Registers 





Information Register Bit Mode 
SAPI of LAPD address field TEI Extended transparent mode 0 
TEI of LAPD address field TEI Extended transparent mode 1 

Transparent mode 

RHCR Extended transparent mode 0 

LAPD control field RHCR Auto mode 

Non-auto mode 

Transparent mode 

Extended transparent mode 1 
Type of frame (Command/Response) RSTA C/R _ 
Result of CRC-check (positive/negative) RSTA CRC — 
Data available in RFIFO (yes/no) RSTA RDA — 
Abort condition detected (yes/no) RSTA RAB — 
Data overflow during reception of aframe (yes/no) RSTA RDO — 
Recognition of Data Link Connection RSTA SAO Auto mode 
Identifier (DLC! = SAPI + TE!) SAI Non-auto mode 

TA 

Number of bytes received in RFIFO RFBC 5-0 — 
Message length (< 223 ) RFBC 7-0 — 
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An XPR interrupt will also be generated subsequent to: 


™ §=6The complete transmission of a transparent frame 
after the XTF and XME command or 


@ The reception of a positive acknowledge after the 
XIF and XME command or 


H When no frame transmission is in progress and the 
microprocessor gives the XRES command 


The message will be aborted automatically: 


m@ = =When there is no more data in the XFIFO ready to 
be transmitted or 


m@ = When the processor gives an XRES command 


The ISAC-S then transmits an abort sequence and gen- 
erates an XDU interrupt. 


Collisions that occur on the S-bus (D-channel) up to the 
32nd data byte of a frame are treated without micropro- 
cessor interaction. The ISAC-S will retransmit the frame 
automatically. If the collision is detected later than the 
32nd data byte of a frame, the ISAC-S aborts the frame 
and requests the processor to repeat the frame with an 
XMR (Transmit Message Repeat) interrupt. 


In every mode, the start flag will be inserted automati- 
Cally, as are likewise the end flag and the frame check 
sequence (CRC-16 according to LAPD) which are 
appended after an XME command. 


When auto-mode I-frames are transmitted, the LAPD 
controller of the ISAC-S generates in addition to the de- 
limiting flags and the FCS field, the address and control 
field autonomously. In this mode the XFIFO contains 
only the data for the information field. 


The status of the XFIFO can also be read fromthe STAR 
register (XFW-bit: XFIFO write enable). This allows fora 
polling procedure instead of or in addition to the XPR 
interrupt and can be useful when there is no need to 
transmit a high quantity of messages (referred to the 
D-channel capacity). 


Layer 2 Functions in the Auto Mode 


In addition to address recognition, all S- and |-frames 
are processed independently by the ISAC-S in the auto 
mode with window size 1. The control field format may 
be either for basic (modulo 8) or extended (modulo 128) 
operation. The following functions are performed: 


@ Update of transmit and receive counter 


@ Evaluation of transmit and receive counter 


Processing of S commands 


Flow control with RR/RNR 


= 

a 

™ Response generation 

™ Recognition of protocol errors 
] 


Transmitting of S commands, if an acknowledg— 
ment is not received 


™ Continuous status query of remote station after 
RNR has been received 


= Programmable timer/repeaier functions 
Terminal-Specific Functions 


In addition to the ISAC-S standard functions supporting 
the ISDN basic access, the ISAC-S contains optional 
functions, useful in various terminal configurations: 


™ Subscriber Awake (using SIP/SAW line) 
— Watchdog Timer 


The terminal-specific functions, STCR, SPCR, and 
CIXR registers (see Detailed Register Description), 
make it possible to generate a Reset signal as well as 
the appropriate interrupt in the following cases: 


@ Power Down 


—Subscriber Awake—initiated by a falling edge 
on the SAW line (SAW interrupt) 


—Exchange Awake—initiated by a message from 
Layer 1 (CIC interrupt) 


m Power Up 


—Watchdog Timer—after expiration of the internal 
watchdog timer (WOV interrupt) 


The reset pulse generated by the ISAC-S has a pulse 
width of 5 ms and is an active High signal. During one 
time period of 128 ms, the WTC1- and WTC2-bit of the 
ADFR register must be set consecutively in the following 
manner: 


Steps WTC1 WTC2 
1 1 
2 0 1 


As a result, the watchdog timer is reset and restarted. 
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Test Functions 


The ISAC-S provides several test and diagnostic func- 


tions which can be grouped as follows: 





Closing loops in the transmission path; that is; 


—loop internally inside the B-channel switching 
Circuit (B-channel IOM loop) see B-Channel 
Switching) 

—loop internally at the IOM interface, with 
reduced timer resolution (1OM interface loop), 
SPCR: TLP-bit, (see Detailed Register 
Description) 

—loop at the analog end of the S interface (see 
Interrupt List) 
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Using the 1OM interface as an HDLC port without 
IOM frame structure (D-channel splitting) and no 
Layer 1, MODE and ADFR: TEM-bit, (see Detailed 
Register Description) 
Sending of special test signals on the S-bus, 
according to the modified AMI code; that is; 
—single zeros (SSZ, 2 kHz repetition rate) 
—continuous zeros (SCZ, 96 kHz repetition rate) 
(see Layer 1 Functions for the ISDN Basic 
Access; also see Processing) 


DETAILED REGISTER DESCRIPTION 


The parameterization of the ISAC-S as well as transfer 
of data and control information between the micropro- 
cessor and ISAC-S is performed with the R- and XFIFO 
and two register sets (Figure 27). The two FIFOs are 
accessed with the addresses 00—1FH which are of 
equal value and are referenced to the respective actual 


The special purpose registers of the address range 
20-2FH pertain to the HDLC transceiver and LAPD 
controller as well as to higher-ranking functions in the 
ISAC-S. 


The serial interfaces are controlled and monitored with 


the register record 30—3FH. 


byte in the FIFO. 















Register 


|! Address | : 
1] | _Name| 





Description 












































, Description ——s———CCCCd Name} Description — ld] ida 7 
|---| RFIFO | Receive FIFO Transmit FIFO oe! a 
Beans 
st i a ee is ee ! 
| 20  |ISTA | Interrupt Status Register MASK | Mask Register : 
| 21 STAR g __| &MDR| gee. 3 
MODE MODE Register 
’ i] 
eee. TIMR Timer Register HDLC. | 
EXIR | Extended Interrupts Transmit Address 1 Transceiver ! 
| 25 RFBC | Receive Frame Byte Counter XAD2| Transmit Address 2 LADP- 
| 25 | RFBC y | XAD2| ales 
[2] SAP1| SAPI Address 1 
| er RSTA Receive Status Register SAP2| SAPI Address 2 
TEI TEI Address 1 [3] 
; i} 
RHGR Receive HDLC Control TEI2 TElAddresst | : 
| 2A | 
an [4] 
2F 
30 | SPCR Serial Port Control | : 
CIRR Command/Indicate Receive] CIXR | Command/indicate Transmit ! 
MDNR Monitor Register 
. i] 
SSGR_ SLD Signaling Receive SSGX} SLD Signaling Transmit Serial | 
B42 SFCR SLD Feature Control Interface! 
BCX1 B1-Channel Transmit 
; 86. BCX2 B2-Channel Transmit 
| 37 BCR1 B1-Channel Receive STCR | Synchr. Transfer Control 
| 38 BCR2 B2-Channel Receive ADFR | Additional Features ; 
39 
3F | | 
Notes: 1) Hexadecimal representation of ADO_7 
2) Inverted contents of SAP1 when reading 
3) Inverted contents of TEI1 when reading auto 
4) Invalid address range (data value “00” when reading) 
11136-027B 


Figure 27. Register Address Arrangement 
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For quick reference, the page numbers for all registers are listed below: 


Internal Events and Conditions 


ISTA 41 
MASK 42 
EXIR 43 
STAR 44 


LAPD/(HDLC) Operation Control 


CMDR 45 
MODE 46 
TIMR 47 
RFBC 48 
RSTA 49 


LAPD/(HDLC) Address Variables 


XAD1 50 
XAD2 51 
SAP1 51 
SAP2 52 
TEI 52 
TEI2 53 


LAPD/(HDLC) Control Data 
RHCR 53 


LAPD/(HDLC) Information Data 


RFIFO 54 
XFIFO 54 


Serial Interface Control 


SPCR 55 
STCR 56 
CIXR 57 
CIRR 58 
MONR 58 
BCX1 59 
BCX2 59 
BCR1 60 
BCR2 60 
SSGX 60 
SSGR 61 
SFCR 61 


Special Functions 
ADFR 62 
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Internal Events and Conditions 


iSTA—Interrupt Status Register—(Read) 


Value after Reset: OOH 
Address: 20H 


Bit Name 


RME 


RPF 


RSC 


XPR 


TIN 


CIC 


SIN 


EX| 


7 


0 


Description 


Receive Message End 

The receive message is now complete. 

Either one complete message, shorter than 32 bytes, or the remaining part of a longer message has been received. 
The contents are now available in the RFIFO. The actual message length and additional information may be 
obtained from the RFBC and the RSTA register. 


Receive Pool Full 
A 32 byte block of a message, greater than 32 bytes has been received and is now available in the RFIFO. The 
message is not yet complete. 


Receive Status Change (used in auto mode only) 

A status change in the receiver of the remote station (receiver ready/receiver not ready) has been detected, due toa 
received “RR’/“RNR” S-Frame (according to HDLC and LAPD). The current status can be read from the STAR 
register (RRNRF-bit). 

Transmit Pool Ready 

A data block of up to 32 bytes can be written to the XFIFO. An XPR interrupt will be generated in the following cases: 
after an XTF or XIF command, when one transmit pool is emptied and the frame is not yet complete after an XTF 
together with an XME command, when the whole transparent frame has been transmitted after an XIF together with 
an XME command, when the whole I-frame has been transmitted and a positive acknowledge from the remote 
station has been received. 


Timer Interrupt 
The internal timer and repeat counter has expired (see also TIMR register). 


C/i Code Change 

A change in C/I code has been recognized. 

The same C/I code, which differs from the prior subsequent received C/I code, has been received at least twice. 
The actual C/I code can be read from the CIRR register. 


Synchronous Transfer Register 
The beginning or the center of an IOM-frame has been indicated, as programmed in the STCR register. 


Extended Interrupt 
This interrupt signifies that one of eight non-critical interrupts, indicated in the extended interrupt register EXIR, has 
been generated. The exact cause must be read from EXIR. 


Note: Reading of the EXIR register by the processor clears the EXI-bit, and reading of the ISTA register clears all other bits 
of ISTA. 
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MASK-—Mask Register—(Write) 


Value after Reset: OOH (all interrupts enabled) 
Address: 20H 


7 0 


BitName Description 


RME Each bit of the MASK register relates to the corresponding bits of the ISTA register. 
Each interrupt can be selectively masked by setting the respective bit in MASK. 


EXI Masked interrupts are not indicated when reading ISTA. Instead, they remain internally stored and will be indicated 
after the respective MASK is reset. 


Note: In the event of an extended interrupt, no interrupt request (INT =Low) will be generated with a masked EX\I-bit, 
although this bit is set in ISTA. 
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EXIR—Extended Interrupt Register—(Read) 


Value after Reset: OOH 
Address: 24H 


7 0 


rome; [aos [re] ov Joon] sw ov 


Bit Name 


XMR 


XDU 


PCE 


RFO 


SOV 


MOR 


SAW 


WOV 


Description 


Transmit Message Repeat 

The transmission of the last message has to be repeated because: 

the ISAC-S has received a negative acknowledgment in auto mode (according to HDLC/LAPD) a collision on the 
S-bus has been detected after the 32nd data byte 

Transmit Data Underrun 

The actual transmission of a frame has been aborted with “IDLE” because the XFIFO holds no further data. 

This interrupt occurs whenever the processor has failed to respond to an XPR interrupt (ISTA register) quickly 
enough, after having initiated a frame transmission, and the message to be transmitted is not yet complete. 


Protocol Error (significant during auto mode only) 
A protocol error has been detected during auto mode due to a received S- or I-frame with an incorrect sequence 
number N(R), or to an S-frame containing an I-field. 


Receive Frame Overflow 

The received data of a message could not be stored entirely, because the internal message buffer is occupied (the 
whole message has been lost). This interrupt can be used for statistical purposes and indicates that the processor 
does not respond quickly enough to an incoming RPF or RME interrupt (ISTA). 

Synchronous Transfer Overflow 


The synchronous transfer programmed in STCR (STO/ST1) was not confirmed in time (setting SCO/SC1 by the 
processor). 


Monitor Byte Received (not used in the ISAC-S) 

A valid monitor byte has been identified in an IOM frame and has been stored in the MONR register. 

Subscriber Awake 

Indicates that a falling edge on the SAW line has been detected, in case the terminal-specific functions are adjusted 
(TFS-bit in STCR). 

Watchdog Timer Overflow 


Signals the expiration of the watchdog timer, which means that the processor has failed to set the watchdog timer 
control bits WTC1 and WTC2 in the correct manner. A reset pulse has been generated by the ISAC-S. 


Note: When an XMR or XDU interrupt is generated, it is not possible to send transparent frames or |-frames until the interrupt has 
been acknowledged by the processor. 
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STAR—Status Register—({Read) 


Value after Reset: 48H 
Address: 21H 


7 0 











BitName Description 
XDOV Transmit Data Overflow 
More than 32 bytes have been written to one pool of the XFIFO, and data have been overwritten in this pool. 
XFW Transmit FIFO Write Enable 
Data can be written to the XFIFO. 
The polling of the XFW-bit can be used instead of or in addition to an XPR interrupt handling when few messages 
have to be transmitted (refer to D-channel capacity). 
XRNR Transmit RNR (significant during auto mode only) 
During auto mode, this bit indicates whether the ISAC-S receiver status is ready or not ready (if not ready, the ISAC-S 
sends an “RNR” S-frame autonomously to the remote station.) 
0 —> receiver ready 
1 —> receiver not ready 
RRNR Received RNR (significant in auto mode only) 
During auto mode, this bit indicates the receiver status of the remote station 
0 —> (remote) receiver ready 
1 —> (remote) receiver not ready 
(If not ready, the ISAC-S has received an “RNR” S-frame from the remote station.) 
MBR Message Buffer Ready 
This bit signifies that temporary storage is available in the RFIFO to receive at least the first 16 bytes of a new 
message. 
BVS B-channel Valid at SLD port 
BVS indicates the beginning of an SLD frame, especially the validity of the two B-channels, and represents a 16-kHz 
signal, synchronous to the SLD frame. 
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LAPD/(HDLC) Operation Control 
CMDR—Command Register—(Write) 


Value after Reset: OOH 
Address: 21H 


7 0 


rome: [ln wo Por Pe 


BitName Description 





RMC Receive Message Complete 
Reaction to RPF (Receive Pool Full) or RME (Receive Message End) interrupt. 
By setting this bit, the processor confirms to the ISAC-S, that it has fetched the current frame or data block, and the 
ISAC-S can release the space occupied in the RFIFO. 


RHR Reset HDLC Receiver 
All data in the RFIFO and the contents of the message buffer is deleted. In auto mode, the Transmit and Receive 
counters (V)[S], V[R] according to HDLC), also are reset. 


RNR Receiver Not Ready (used in auto mode only) 
The status of the ISAC-S receiver is set. Determines, whether a received frame is acknowledged via an “RR” or 
“RNR” supervisory frame (S-frame according to HDLC) in auto mode. 


0 —> receiver ready (“RR”) 
1 —> receiver not ready (“RNR”) 


STI Start Timer 
The internal timer is started in external timer mode (TMD-bit in MODE register). The timer is stopped by rewriting the 
TIMR register after start. 


XTF Transmit Transparent Frame 
After having written up to 32 bytes in the XFIFO, this command bit initiates the transmission of a transparent frame. 
An opening flag sequence is automatically added to the data by the ISAC-S. 





XIF Transmit I-Frame (used in auto mode only) 
Initiates the transmission of an I-frame in auto mode. In addition to the opening flag sequence, the address and 
control field of the frame is automatically added by the ISAC-S. 

XME Transmit Message End 
Indicates that the data block written last to the XFIFO completes the current frame. The ISAC-S terminates the 
transmission operation properly by appending the CRC and the closing flag sequence to the data. 

XRES Transmit Reset 
The contents of the XFIFO is deleted and an “IDLE” is transmitted. This command can be used by the processor to 
abort a frame currently in transmission. 


Note: After an XPR interrupt, further data have to be written in the XFIFO and the appropriate Transmit Command (XTF or XIF) 
has to be written in the CMDR register again to continue transmission, when the current frame is not yet complete (see 
also XPR in ISTA). 


During frame transmission, the O-bit insertion according to the HDLC bit-stuffing mechanism is done automatically. 
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MODE—Mode Register—{Read/Write) 


Value after Reset: OOH 
Address: 22H 


7 0 


roma: [issn on ra] [ro 








BitName Description 
MDS1, Mode Select 
MDSO The message transfer mode of the HDLC controller is selected. 
MDS1_MDSo_ Mode 
0 0 auto 
0 1 non-auto 
1 0 transparent 
1 1 extended transparent 
ADM Address Mode 
Defines the length of the address field in an HDLC frame. 
0 —> 1-byte address field, LAPB 
1 —> 2-byte address field, LAPD 
If the extended transparent mode is selected by setting MDS1 = MDS0 = 1, this bit differentiates between the two 
modes: 
0 —> extended transparent mode 0 (no address recognition) 
1 —> extended transparent mode 1 (SAPI address recognition) 
TMD Timer Mode 
The operating mode of the internal timer is set. 
0 —> external mode 
The Timer is controlled by the processor and can be started at any time by setting the STI-bit in CMDR and can 
be stopped by rewriting the TIMR register (see also TIMR register). 
1 —> internal mode 
The timer is used internally by the ISAC-S for time-out and retry conditions in auto mode (refer to TIMR register 
description). 
RAC Receiver Active 
Switches the receiver to operational or inoperational state. 
0 —> receiver inactive 
1 —> receiver active 
HMD2, HDLC Port Mode 
HMD1, The operating mode of the |OM/(HDLC) interface is set. 
HMDO Interface 
HMD1_HMDO Mod onitor Chan 
0 0 0 Monitor channel is not used. 
In point-to-point or for primary use 
(LT-S/NT mode) in point-multipoint 
configurations (S-bus). 
IOM 
0 0 1 Monitor channel is used. 
For secondary use (TE mode) in point-multipoint 
configurations (D-channel access control). 
0 1 0 
0 1 1 
1 0 0 / Reserved 
1 0 1 
1 1 0 
1 1 1 HDLC For diagnostic or test configurations, it is possible to 
program a pure HDLC frame without the complex 
2-D-bit splitting of the IOM frame. The data clock and 
the component clock are identical. 
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TIMR—Timer Register—(Read/Write) 


Value after Reset: Undefined (Previous Value) 
Address: 23H 


7 5 4 0 


Field Name ___— Description 


CNT is a 3-bit field; value is a 5-bit field. 


Value Sets the time period T1 as follows: 
T1 = (Value + 1) ¢ 64 ps 
CNT Interpreted differently, depending on the selected timer mode (TMD-bit in the MODE register). 


Internal timer mode (TMD = 1) 


CNT indicates the maximum number of S-commands “N1” which are transmitted autonomously by the ISAC-S after 
expiration of time period T1 (retry, according to HDLC). The internal timer procedure will be started in auto mode: 
after start of I-frame transmission; or, 
after an “RNR” S-frame has been received 
After the last retry, a timer interrupt (TIN-bit in ISTA) is generated. 
The maximum time between the start of I-frame transmission or reception of an "RNR” S-frame and the generation of 
a TIN interrupt would be: (CNT+1 11. 


The timer procedure will be stopped when: 





a TIN interrupt is generated; or, 
the TIMR is written to; or, 
a positive or negative acknowledgment has been received. 


Note: The maximum value of CNT can be 6. If CNT is set to 7, the number of retries is unlimited. 
External timer mode (TMD = 0) 
CNT together with Value determine the time period T2 after which a TIN interrupt will be generated: 
T2 = CNT e 2.048 sec + T1 
The timer can be started by setting the STI-bit in CMDR and will be stopped when : 
a TIN interrupt is generated; or, 
the TIMR register is written to 


If CNT is set to 7, a TIN interrupt is periodically generated after every expiration of T1. 
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RFBC—Receive Frame Byte Counter—({Readqd) 


Value after Reset: OOH 
Address: 25H 


7 0 
Format: RDC7 ADGS| ADCS RDC4 RDC2}] RDC1 


Bit Name Description 


RDC7-0 Receive Data Count 
Represents the total number of actual received data bytes of a message (limited to 223). 

RCRDC4—0 Indicates always the length of the data block currently available in the 32-byte RFIFO. For message lengths 
greater than 223 data bytes, the bits RDC7—5 remain to the value “111.” In this case only the bits RDC4—0 
are significant. 


Note: Normally this register should be read by the processor after an RME interrupt in order to determine the number of bytes to 
be read from the RFIFO, and the total message length. 
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RSTA—Receive Status Register—(Read) 


Value after Reset: Undefined 
Address: 27H 


7 0 
rome: [nfo aw on [ow [om [oe 


Bit Name 


RDA 


RDO 


CRC 


SAI, 
SAO 


C/R 


TA 


Description 


Data Received 
Data is available in the RFIFO. (RDA = “1”). After an RME interrupt, an RDA = “0” means that data is available inthe 
internal registers RHCR or TEI1 only (that is, S-frame). 


Receive Data Overflow 
A data overflow has occurred with the current frame. At least one byte of the frame has been lost (that is, the last 
message has to be deleted). 


CRC compare/check 
0 —> CRC check failed (received frame contains errors) 
1 —> CRC check passed (received frame contains no errors) 


Receive Message Aborted 
The received message was aborted from the remote station. According to HDLC, this frame must be discarded by 
the processor. 


SAPI Address Identification 
Indicates which of the three possible SAP| addresses were recognized. 


SA1 SAO 
0 0 SAPI2 (programmable) 
0 1 Group SAPI (fixed value, ISDN/LAPD management functions) 
1 0 SAPI1 (programmable) 
Command/Response 


The C/R bit identifies a frame as either a command or a response, according to LAPD. 


Command Response Direction 
0 | user to network side 
1 0 network to user side 


TEI Address Identification 
The comparison of the TEI address in the received frame with the two programmable addresses TEI1 and TEI2 
resulted in: 

1 —> TEI1 was recognized 

0 —> TEI2 was recognized 


Note: In transparent and extended transparent mode with ADM-bit set to 1 in the MODE register: 
SAPI address recognition—the TA-bit is irrelevant. 
In extended transparent mode with ADM-bit set to 0 
No address recognition—bits 0-3 are irrelevant. 


If the programmable address registers SAP1 and SAP2 contain the same address value, the bit combination “00” will be 
omitted. 
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LAPD/(HDLC) Address Variables 


XAD1—Transmit Address 1—(Write) 
Address: 24H 
7 0 


BitName Description 








Bit O—7 Used in auto mode only 
XAD1 contains an individual programmable address byte which is appended automatically to the frame by the 


ISAC-S in auto mode. Depending on the selected address mode (ADM-bit in MODE,) XAD1 is interpreted as follows: 
2-byte address field (AMD = 0) 
XAD1 builds up the high byte (SAPI in the ISDN) of the 2-byte address field. 
According to the ISDN LAPD protocol, bit 1 is interpreted as the command/response bit “C/R” and will be 
automatically inserted by the ISAC-S depending on the CRI bit in the SAP1 register. Bit 1 must be set to O. In the 
ISDN LAPD, the address field extension bit “EA,” that is, bit 0 of XAD1 must be set to 0. 


C/R Bit 
Command Response Transmission Side CRI Bit 
0 1 Network 0 
1 0 User 1 


1-byte address field (ADM = 1) 
According to the X.25 LAPB protocol, XAD1 indicates a command. 


Note: In standard ISDN/LAPD applications, only 2-byte address fields are used. 
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XAD2—Transmit Address 2—(Write) 
Address: 25H 
7 0 


Format: 





BitName __ Description 


Bit O—7 Used in auto mode only 
XAD2 represents the second individual programmable address byte, whose function depends on the selected 
address mode (ADM-bit in MODE) 
2-byte address (ADM = 0) 
XAD2 builds up the low byte (TEI in the ISDN) of the 2-byte address field. 
1-byte address (ADM = 1) 
According to the X.25 LAPB protocol, XAD2 indicates a response. 


Note: See note to XAD1 register description. 
SAP1—SAPI Register 1—(Write) 
Address: 26H 
7 0 


Format: SAP 1 CRI Pet 


BitName __ Description 





SAPI1 SAPI 1 value 

Bit 7-2 Value of the first individual programmable Service Access Point Identifier (SAPI) according to the ISDN 
LAPD protocol. 

CRI Command/Response Interpretation 


CRI defines the side of the ISDN user-network interface for identification of command/response frames. 
Depending on CR,! the C/R-bit will be interpreted autonomously by the ISAC-S, when receiving frames in 
auto mode, as follows: 


woo CR Bib = = 
CRIBit Receiver End Command Besponse 
0 Network 1 0 
1 User 0 1 


For transmitting frames in auto mode, the C/R-bit manipulation will also be done automatically, depending on the 
setting of the CRI-bit (refer to XAD1 register description). In message transfer modes with SAPI address recognition 
(all except extended transparent mode 0) the high byte of the received address is compared with the individual 
programmable values in SAP1, SAP2, and the fixed group SAPI. (In 1-byte address mode, the CRI-bit would have to 
be set to 0.) 
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SAP2—SAPI Register 2—(Write) 
Address: 27H 
7 0 


Format: SAPI2 | mcs} 0 | 


BitName Description 


SAPI2 SAPI 2 value 

Bit 7-2 Value of the second individual programmable Service Access Point Identifier (SAPI) according to the ISDN LAPD 
protocol. 

MCS Module Count Select (valid in auto mode only) 


The MCS bit adjusts the control field format according to the ISDN LAPD protocol. 
0 —> basic operation (modulo 8) 
1 —> extended operation (modulo 128) 


Note: When modulo 128 is selected in auto mode, the RHCR register contains compressed information of the extended 
control field (see RHCR register description). 


TEI1—TEI Register 1—{Read/Write) 
Address: 28H 
7 : 0 


BitName Description 


TEI(1) TEI value 1 

Bit 7-1 

EA Address field Extension bit 
Has to be set to “1” according to ISDN LAPD. 
Write: 


Value of the first individual programmable Terminal Endpoint Identifier (TEI) according to the ISDN LAPD protocol 
(2-byte address field). In auto and non-auto mode this value is used by the ISAC-S for the address recognition. 


Read: 
Depending on the message transfer mode, the reading of the TEI1 register contains the following information: 


Message Transfer Mode Meaning/Contents 

Auto Inverted value of the programmed TEI1 
Non-auto Inverted value of the programmed TEI1 
Transparent Received TEI value 

Extended Transparent 0 First byte of the frame after the opening flag 
Extended Transparent 1 Received TEI value 


Note: In auto and non-auto mode with 1-byte address field, the whole contents of TEI1 would be recognized as a command 
according to X.25 LAPB. 
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TEI2—TEI Register 2—(Write) 
Address: 29H 


7 
Format: TEI2 Pex 


BitName Description 








TE|(2) TEI value 2 

Bit 7-2 Value of the second individual programmable Terminal Endpoint Identifier (TEI) according to the ISDN LAPD 
protocol (2-byte address field). In auto and non-auto mode, this value is used by the ISAC-S for the address 
recognition. 


EA Address field Extension bit 
Has to be set to “1” according to ISDN LAPD. 


Note: In auto and non-auto mode with 1-byte address field, the whole contents of TEI2 would be interpreted as a response 
according to X.25 LAPB. 





LAPD/(HDLC) Control Data 


RHCR—Receive HDLC Control Register—(Read) 
Address: 29H 
7 0 


BitName Description 








Bit 0-7 Value of the received HDLC control field 


In extended transparent mode 0 (no address recognition), RHCR contains the second byte of a received frame after 
the opening flag. When modulo 128 is selected in auto mode, the RHCR register contains compressed informa 
tion of the extended control field. In this case the bit 0 of the RHCR register has the following meaning: 

0 —> an I-frame has been received 

1 —> a U-frame has been received 
(S-frames will be handled autonomously by the ISAC-S.) When message transfer modes other than the auto mode 
are used and “modulo 128” is agreed upon, then the first octet of the extended control field is available in the 
RHCR register. The second octet is always available in the RFIFO corresponding to the message transfer mode. 





Am2085 a 1-187 


LAPD/(HDLC) Information Data 
RFlIFO—Receive FIFO—(Read) 


Address: 00-—-1FH 
7 0 


BitName Description 


Bit 0-7 Up to 32 bytes of received data can be read from the RFIFO. After an RPF interrupt (ISTA), exactly 32 bytes are 
available. After an RME interrupt (ISTA), the number of data bytes to be read may be obtained reading the RFBC 
register. 


XFIFO—Transmit FIFO—({Write) 
Address: 00—1FH 
7 0 


BitName Description 


Bit 0-7 Up to 32 bytes of transmit data can be written into the XFIFO following an XPR interrupt (ISTA). 


Note: Addresses within the address space of the FIFOs (00—1FH) are interpreted equally, that is, the current data byte can be 
accessed with any address within the valid space. 





1-188 % Am2085 


Serial Interface Control 


SPCR—Serial Port Control Register—(Read/Write) 
Address: 30H 


7 0 


Bit Name 


SPU 


SAC 


SPM 


TPL 


B1C1, 
B1C0 


B2C1, 
B2C0 


Description 


Software Power Up (in TE mode only) 
For activating the ISDN S interface in TE mode, the SPU-bit has to be set to ‘1’ and then cleared again. 
After a subsequent CIC interrupt (C/I code change; ISTA) and reception (the C/I code “PU” Power Up indication in TE 
mode), the reaction of the processor would be: 
to write an Activate Request command as C/I code in the CIXR register 
to reset the SPU-bit and wait for the following CIC interrupt. 
SIP Activated 
With SAC, the state of the SLD port can be programmed as follows: 
0 —> inactive in transmit direction (SIP: always high impedance) 
1 —> active in transmit direction 
Serial Port Timing Mode 
SPM selects the timing mode: 
0—> timing mode 0 terminal: 


Timing signals are derived from the S-bus. DCL, FSC1 and FSC2 are outputs. 
FSD/SCA is a 128-kHz clock signal for SSI. 


1 —> timing mode 1 exchange: 
Timing signals are provided by the digital exchange system. DCL, FSC1 and 
FSC2 are inputs. FSD/SCA is the delayed frame signal of FSC1. 
Test Loop 
Instructs the ISAC-S to connect internally the IOM interface lines SDI and SDO. Also, the times T1 and T2 
programmed in the TIMR register—are reduced by a factor of 64. 


Switching of B1 channel Both B-channels can be switched independently of each other. 


Switching of B2 channel 


BC1 BCQ B-Channel Switching wP Access 
0.6060 SLD loop monitoring, loop 
| SLD-IOM (S-bus) connection monitoring 
1 O SSI-IOM (S-bus) connection monitoring 
1 1 lOM loop monitoring, loop 
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STCR—Synchron Transfer Control Register—(Write) 
Address: 37H 


7 


0 
a (cd CC Cd 


Bit Name 


TSF 


T-ADR 


ST1 


STO 


SC1 


SCO 


Description 


Terminal Specific Functions 


0 —> The serial interface port for the SLD interface is selected (SIP). 
1 —> The terminal-specific, such as Subscriber/Exchange Awake (SIP/SAW)functions, are activated, Watchdog 
Timer 


In this case, the SIP/SAW line is always an input signal which can serve as a request signal from the subscriber to 
initiate the awake function in a terminal. A falling edge on the SAW line generates an SAW interrupt (EXIR). When 
the RSS-bit in the CIXR register is zero, a falling edge on the SAW line (Subscriber Awake) or a C/I code change 
(Exchange Awake) initiates a reset pulse. When the RSS-bit is set to one on the other hand, a reset pulse is 
triggered only by the expiration of the watchdog timer (see also CIXR register). 

TIC bus Address | 

T-ADR defines an individual address for the point-to-multipoint bus configuration of the IO -interface (TIC bus: 
Telecom IC bus). The bus configuration makes it possible to connect further ICCs (up to seven) to the Layer 1 
component of the ISAC-S. 

Synchronous Transfer 1 

When set, causes the ISAC-S to generate an SIN interrupt (ISTA register) at the beginning of the 8-kHz frame signal. 


timing mode 0 FSC1 and FSC2 (IOM, SLD, SSI) 
timing mode 1 FSC1 (System) 


Synchronous Transfer 0 
When set, causes the ISAC-S to generate an SIN interrupt at the center of the 8-kHz frame signal. 


timing mode 0 FSC1 and FSC2 (IOM, SLD, SSI) 
timing mode 1 FSC1 (System) 


Synchronous Transfer 1 Completed 

After an SIN interrupt, the processor has to access and subsequently acknowledge the interrupt by setting the 
SC1-bit before the center of the frame signal is reached, if the interrupt originated from a Synchronous Transfer 1 
(ST1). Otherwise, an SOV interrupt (EXIR register) will be generated. 


Synchronous Transfer 0 Completed 
After an SIN interrupt, the processor has to access and subsequently acknowledge the interrupt by setting the 


SCO0-bit before the end of the frame signal is reached, if the interrupt originated from a Synchronous Transfer 0 
(STO). Otherwise, an SOV interrupt (EXIR register) will be generated. 


Notes: ST0/1 and SCO/1 are useful for synchronizing microprocessor accesses and receive/Aransmit operations in the ISAC-S. 


In a TIC bus configuration, that is, if additional Layer-2 controllers (ICCs) are connected to the IOM interface, it has to be 
ensured that one Layer-2 component has been assigned the TIC bus address “7.” For applications without additional 
Layer-2 components it is generally recommended to set ADR to “7” (after reset T-ADR = “0”). 


The TSF-bit will be cleared only by Hardware reset. 





1-190 


Am2085 


CiIXR—Control/Indicate Transmit Register—(Write) 


Value after Reset: BFH 
Address: 31H 


7 0 


rome: [ssw] To To [x [ox fem 


Bit Name 


RSS 


TBC 


CODX 


TCX 


ECX 


Description 


Reset Source Select 


O0—> Subscriber or Exchange Awake (Power Down) 
As reset source serves: 


a falling edge on the SAW line (Subscriber Awake) 

a C/l code change (Exchange Awake) 

A logical zero on the SAW line also activates the IOM interface clock and frame signal, just as the SPU-bit 
(SPCR) does. 


1—> Watchdog Timer (Power Up) 
The expiration of the watchdog timer generates a reset pulse. 
The watchdog timer will be reset and restarted when two special bit combinations are written in the ADFR 
register within the time period of 128 ms (see also ADFR register description). After a reset pulse generated 
by the ISAC-S and the appropriate interrupt (WOV, SAW or CIC), the actual reset source can be read from 
the ISTA and EXIR. 


TIC bus Control 

For transmitting the C/I code written in the CIXR register, an access to the TIC bus can be forced by setting the 
TBC-bit. When no further Layer 2 controllers are connected to the TIC bus (IOM interface) and the TIC bus address 
is programmed to “7” (T-ADR in the STCR register,) the TIC bus is always accessed and it is not necessary to set 
the TBC-bit. 


C/l-Code Transmit 
These four bits are transmitted continuously (beginning with the left-most one) as a Command/Indicate code in the 
C/l channel of the IOM frame, if the TIC bus is accessed. 


T-Channel Transmit 
The TCX-bit will be transmitted continuously in the T-channel of the IOM frame if the TIC bus is accessed. 


E-Channel Transmit 
The ECX-bit will be transmitted continuously in the E-channel of the IOM frame if the TIC bus is accessed. 
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CiIRR—Control/Indicate Receive Register—(Read) 


Value after Reset: 7EH 
Address: 31H 


7 0 
ome = Co mfe [oop ape e 


BitName _ Description 


TBA TIC Bus Access 
Indicates the state of the TIC bus (transmit direction: Layer 2 to Layer 1; SDI) when a C/I code change has been 
recognized. TBA = 0 means the TIC bus is occupied by the ISAC-S. 


CODR C/l Code Receive 
The receipt of a new C/I code in two successive IOM frames, which differs from the previously received value, will 


release a CIC interrupt (ISTA register). After detection of such a C/I code change the new code can be read from 
CIRR. 


TCR T-Channel Receive 
TCR represents the current value received in the T-channel. 


Note: The TBA- and CODR-bits of the CIRR will be updated every time CIRR has been read previously by the processor 
and a C/l code change is recognized. If several C/I code changes were recognized before reading the CIRR register, 
only the very first and very last changes in the C/l code (also TBA) will be available for the processor to read. 

MONR— Monitor Register—(Read/Write) 

Address: 32H 

7 0 


BitName Description 


Bit 0-7 The MONR register normally contains control information transferred in the monitor channel of an IOM frame 
between Layer 2 and Layer 1. In the ISAC-S however, MONR is not required since the monitor channel is used only 
for the TIC bus access mechanism, which will be automatically realized by the ISAC-S. 
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BCX1—B1-channel Transmit Register—(Read/Write) 
Address: 35H 
7 0 


BitName Description 








Bit O—7 BCX1 can be used in microprocessor-controlled interactions with the serial transmission process, for instance in 
loop or monitor applications. Depending on the selected B-channel switching (SPCR register) and synchronized to 
the transmission process via SIN interrupt (ISTA register) and BVS-bit (STAR register), the serial data can be read/ 
written from/to BCX1 as follows: 


Receive Data Transmit Data 
SLD loop SLD SLD 
SLD-IOM connection SLD / 
SSI-IOM connection SSI / 
IOM loop IOM 1OM 


BCX2—-B2-channel Transmit Register —(Read/Write) 
Address: 36H 
7 0 





BitName Description 





Bit O—7 BCX2 can be used in microcprocessor-controlled interactions with the serial transmission process, for instance in 
loop or monitor applications. Depending on the selected B-channel switching (SPCR register) and synchronized to 
the transmission process via SIN interrupt (ISTA register) and BVS-bit (STAR register), the serial data can be read/ 
written fromAto BCX2 as follows: 


Receive Data Transmit Data 
B-channel Switching from (Read) _ to (Write) 
SLD loop SLD SLD 
SLD-IOM connection SLD / 
SSI-IOM connection SSI / 
IOM loop 1IOM lIOM 
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BCR1—B1-channel Receive Register—{Read) 
Address: 37H 
7 0 


BitName Description 





Bit 0-7 BCRI1 can be used in microprocessor-controlled monitoring of the serial transmission process by reading data from 
BCRi as listed below: 
B-channel Switching. 
SLD-IOM connection lIOM 
SSI-IOM connection lIOM 


BCR2—B2-channel Receive Register—({Read) 
Address: 38H 
7 0 


BitName Description 








Bit O—7 BCR2 can be used in microprocessor-controlled monitoring of the serial transmission process by reading data from 
BCR2 as listed below: 
B-<c} | Switchi 
SLD-IOM connection IOM 
SSI-IOM connection lIOM 





SSGX—SLD Signaling Register Transmit—{Write) 
Address: 33H 
7 0 


BitName Description 








Bit O—7 The contents of SSGX represent directly the signaling byte (SIG) which will be transmitted continuously in an SLD 
frame. 
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SSGR—SLD Signaling Register Receive—(Read) 
Address: 33H 
7 0 


nn histidine A ertdvadced 


BitName Description 


Bit 0-7 The signaling byte of a received SLD-frame can be read from SSGR. 


SFCR—SLD Feature Control Register—(Read/Write) 
Address: 34H 
7 0 


BitName Description 


Bit 0-7 The Feature Control (FC) byte of an SLD frame (receive) can be read from SFCR. Also, an FC byte to be transmitted 
in an SLD frame (transmit) has to be written into SFCR. The microprocessor accesses are synchronized to SIN 


interrupts (ISTA, refer to STCR). 


Am2085 
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Special Functions 


ADFR—Additional Feature Register—{Write) 


Value after reset: OOH 
Address: 38H 
7 0 


BitName Description 








WTC1, Watchdog Timer Control 1, 2 
WTC2 After the watchdog timer mode has been selected, the watchdog timer is started. During every time period 
of 128 ms the processor has to program the WTC1- and WTC2-bit in the following consecutive sequence: 
——_WTCi_ WT C2 
iF 1 0 
2. 0 1 
to reset and restart the watchdog timer. If not, the timer expires and a WOV interrupt together with a reset pulse, are 
initiated. 
TEM Test Mode 
Setting this bit makes it possible to test the Layer 2 functions of the ISAC-S using the IOM interface. 
The Layer 1 functions are disabled, and the ISAC-S is fully compatible to the “ICC” at the IOM interface with 
the following references to the "ICC” pin designation: 


| = : eanin 
FSC FSCi frame synchronization 
DC DCL interface clock 
SDBR SDO receive data 
SDBX SDI transmit data 
PFS Prefilter Select 


This bit has to be set, if an external prefilter is connected to S-bus port receive, respectively pins SR1, 
SR2, and UFI. PFS initiates an internal delay time compensation. 
CFS Configuration Select 
Depending on the operating mode, CFS determines clock relations and recovery on S and IOM interfaces. 
TE mode: 
0—> The IOM interface clock and frame signal is always active (standby). With the C/l command Timing (TIM), 
the processor can initialize the “Power Up” state. With C/l command Deactivation Indication (DIU) the 
“Stand By” state will be reached again. It should be mentioned, however, that it is also possible to activate 
the S interface directly with the C/l command Activate Request (AR 8/10/L) without the TIM command. 
1—> The IOM interface clock and frame signal is normally inactive (Power Down”). For activating the S inter 
face, the “Power Up” state can be initialized via software (SPU-bit in SPCR register). After that, the S 
interface can be activated with a C/l command Activate Request (AR8/10/L). The “Power Down’ state will 
be reached again with the C/I command Deactivation Indication (DIU). ) 


Note: After reset the IOM interface is always active. To achieve “Power Down” state properly the CFS- bit has to be 
set previously. 


LT-S mode: 


0—> Bit stream on S-interface with the internal PLL. This is to tolerate a variable bit shift from 2 to 8 bit-times 
(greater distances possible: max. < 1.0 — 1.5 km). 

1—> Inbus configurations only a fixed bit shift of 2 bit-times will be accepted according to CCITT (max. round trip 
delay time; max. < 150 m). 


LT-T mode: 
0—> CFS always has to be set to “0.” 
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ADFR (continued) 


Bit Name 


FC2, 
FC1 


ITF 


Description 


Frame Synchronization Control 2,1 (significant in TE mode only) 
Adjusts the polarity of the symmetrical 8-kHz-frame output signal (IOM, SLD, SSI). 


0 —> normal: High during the first half of the 125-s frame, Low during the second half. 
1 —> inverted: Low during the first half, High during the second half of the 125-us frame. 
Note: If the FSC1, FSC2 outputs (in TE mode) supply the data strobe signal for B-channel sources/destinations 


connected to the Serial Synchron Interface (SSI), it is possible to select individual switching to the B1- or 
B2-channel. 


Interframe Time Fill 


ITF selects the interframe time-fill signal which will be sent between HDLC frames when the HDLC port mode is 
selected in MODE. 


0 —> idle (sequence of “1”s) 
1—-> flags (sequence of patterns: “0111 1110”) 


When the IOM interface mode is selected, the interframe time fill signal is always idle, according to LAPD. 
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ABSOLUTE MAXIMUM RATINGS 


Storage temperature ............. —65 to +125°C 
Ambient temperature under bias ....... 0 to +70°C 
Voltage on any pin with respect to 

GIOUNG: 58s Se chain i oe eSes —0.4 to Voo+0.4 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta) ........... 0 to +70°C 
Supply Voltage (Vcc) .............05. +5 V+5% 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges 
Ta = 0 to 70°C, Von = 5 V+5%, Vsso = 0 V, Vssa=0 V 


Parameter Parameter Limit Values 
Symbol Descriptions Test Conditions Min. Max. Unit 


All pins except SX1, SX2, SR1, SR2, RREF 
















Vir Input Low voltage — 

Vin Input High voltage _— 

Vor Output Low voltage lo= 2mA 

Vou Output High voltage lon = —400 pA 

Vou Output High voltage lon= —100 pA 

lee Power supply current operational Voo = 5V, Inputs at 0 V/V 
Power supply current power down No output loads 7 

ha Input leakage current 


Output leakage current 





SX1, SX2 











VX Absolute value of output — 0.3 V 
Pulse amplitude 1.35 1.65 V 
(VSX2-VSX1)* 1.35 2.4 V 

IX Transmitter output current’ “R, = 200 ohms — 8.25 mA 

RX Transmitter out Inactive or during binary one 10 —_ kohm 
Impedance During binary zero 80 — ohm 


R. = 200 ohms 






SR1, SR2 


VSRI1 Receiver output voltage lo < 100 pA 2.4 2.6 V 

VTR Receiver threshold voltage Dependent on peak level +225 +375 mV 
VSR2-VSR1 

RREF 

VO Voltage at RREF Reer = 2.2 kohm +1% 1.0 1.2 V 

lO Output Current Rarer = 2.2 kohm +1% 450 550 LA 


Notes: “Due to the transformer, the pulse amplitude zero to peak on S interface line will be halved. 
**Load resistance on S interface line will be divided by four. 


CAPACITANCES 
Ta = 25°C, Voo = 5 V+5%, Vssp = 0 V, Vssa = 0 V 


Parameter Parameter _Limit Values _ 
Symbol Descriptions Test Conditions Min. Max. Unit 


All pins except SR1,SR2, XTAL1, XTAL2 





Cw Input capacitance — — 7 pF 
Cro VO oa — 7 oF 
SX1, SX2 
Cour Output capacitance against Vssa — — 10 pF 
SR1, SR2 
Cin Input capacitance — — 7 pF 


XTAL1, XTAL2 
Cio Load capacitance — _ 50 pF 
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External 22 


Oscillator XTAL1 
22 Signal 
XTAL1 
CLD 
768MHz [___] CLD < 50pF 
3 23 
XTAL2 N.C. XTAL2 
CLD 
Crystal Oscillator Mode Driving from External Source 
11136-028B 


Figure 28. Recommended Oscillator Circuits 


SWITCHING CHARACTERISTICS 
Ta = 0 to 70°C, Voo = 5 V+5%, Vsso = 0 V, VssA=0 V 


Inputs are driven at 2.4 V fora logic “1” and at 0.4 V for a logic “0.” Timing measurements are made at 2.0 V for a logic 
“1” and at 0.8 V for a logic “0.” The AC testing input/output waveforms are shown below. 


2.4V 


2.0 V 2.0 V 
» Test Points < 





Saeki 0.8V 0.8V 


11136-029B 
Figure 29. Input/Output Waveform AC Tests 
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Table 11. Microprocessor Interface Timing 



















Parameter Parameter Limit Values 

Symbol Description Test Conditions Min. Max. Unit 
Tas ALE pulse width — ns 
Tat Address setup time at ALE ns 
Tus Address hold time from ALE ns 
Tar jdt : ns 
Tro | ns 
Tor aa ns 
is RD cofttrol interva i 
Tww WR pulse width — ns 
Tow Data setup time to WR +CS _ ns 
Two Data hold time from WR + CS _ ns 
Twi Wi control interval —~ ns 





11136-030B 















CO a a OR a 
Br Ss SO OS OO 
ee er ay 
eS 


2s 










Ran Sa a 
CSE eer SP 





Figure 31. Microprocessor Write Cycle 11136-0318 
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Table 12. SLD Interface Timing 


Parameter Parameter 


Limit Value 
Symbol Description Test Conditions 







Unit 





SLD data delay 





Tss SLD dai a: S OTURY 30. ae : ns 
Tsun : y - ns 
Trsx ns 
Tess ram@ sync; — 50 — ns 
Trsw ™ Frame sync. width — 40 — ns 
Trsp Frame sync. delay — —20 20 ns 





FSC1/FSC2 (0) ne Oe rte eee ete ee Eee, / 


CSET at RU a SR 

CM Er EE Pe ane 

FFP PP 
Sa CaeMC Ee eS aE SS 





| = Input 
O = Output 11136-032B 


Figure 32. SLD (TE Mode) 


SLD (Out)} SLD (In) 


SIP(VO) 





5 7 ape 11136-0333 
Figure 33. SLD (LT-S/LT-T Mode) 
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Table 13. SSI Timing 















Parameter 
Description 


Parameter 
Symbol 






oe -SSidata hold _ - 30 bse ns 





B2(B1*) channel | B1(B2*) channel 


* 


sal 
ep) 
. 
~~ 
msl 
op) 
2) 
Nh 
ao) 


= 
S) 


e r) ' 
‘ t t 
: ” ‘ : plsco : 
——>! 14 — - , 
2 es) aa one 
i] 





SDAX <x 


*Default polarity 

Individual B-channel switching to the B1 and B2 channel 

can be selected by programming the output polarity of 

PSC1 and FSC2 in the ADFR register. 11136-034B 


O = Output 
Figure 34. SSI (TE Mode) 
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Table 14. IOM Interface/(HDLC Port) Timing 





Parameter Parameter 
Symbol Description Test Conditions 







Unit 


Frame sync. hold 











Trs ns 
Tews ns 
Tewe ns 
Trso ns 
Tiop bi ns 
This IOM input data setup — 20 ns 
Tun IOM input data — 50 ns 
lOM-frame “n"| |OM-frame “n—-1” 
(... B*-channel) | (B1—channel . . .) 
FSC1/FSC2 (O) 7 
| 
a | 
| | = | Trsp i 
| | | 
| 
| 
DCL(O) ; | 
| | 
| 
| 
SDI < 
SDO 
O = Output 
Figure 35. 1OM (TE Mode) 11136-0358 
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IOM-frame “n+1” 
(B1 channel...) 


IOM-frame “n” 
(.. . B*-channel) 


Note: At the SDI pin an internal Pull-Up Resistor is integrated for the TIC bus 
configuration with wired-OR connections (open drain outputs). 11136-036B 


Figure 36. IOM (NT, LT-S, LT-T Mode) 





HDLC port mode: —FSC1 = “High” 
— HMD0O,1,2 bits in MODE are set A 
— TEM—bit in ADFR is set 


11136-37B 
Figure 37. HDLC Port Mode 
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Clock Timing 


The clocks in the different operating modes are summarized in Table 15, with the respective duty ratios. 


Table 15. ISAC-S Clock Signals 


Application M1 Mo DCL FSC1/FSC2 CP X1 XO 
TE 0 0 0:512 kHz* 0:8 kHz* 0:1536 kHz* 0:3840 kHz 
2:1 1:1 3:2 1:1 
LT-T 0 1 1:512 kHz 1:8 KHz 0:512 kHz" — — 
2:1 
LT-S 1 0 1:512 kHz 1:8 KHz — O:7680 kHz I:fixed 
— 1:1 at 0 

NT 1 1 1:512 kHz 1:8 KHz —_ — — 


*Synchronous to receive “S” line P. 


Clock CP is phase-locked to the receive S signal and is 
derived using the internal DPLL and the 7.68-MHz 
+100 ppm crystal (TE and LT-T). Aphase tracking of CP 
with respect to “S” is performed once in 250 us. As a 
consequence of this DPLL tracking, the high state of CP 
may be either reduced or extended by one 7.68-MHz 
period (CP duty ratio 2:2 or 4:2 instead of 3:2) once 


7.68 Mhz 


every 250 us. Since DCL and FSC1/FSC2 are derived 
from CP (TE mode), the high or low states of 
FSC1/FSC2 and DCL may likewise be reduced or ex- 
tended by the same amount once every 250 us. 


Note: The phase adjustment may take place either in the sixth, 
seventh, or eighth CP cycle counting from the beginning of an 
IOM frame in TE. 


Se a) i a ee OS a a 


CPissekHe al bel ee 


X1:3840 kHz 


*Synchronous to receive “S,” Duty ratio 3:2 normally 


el a ae ee eee 


11136-038B 


Figure 38. Phase Relationships of Auxiliary Clocks 
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The timing relationships between CP, DCL and FSC1/FSC2 are specified in Table 16 and Figure 39. 





Table 16. CP, DCL, and FSC1/FSC2 suing Speaificalt ar ee 





“Test 3 Condiions - 








mises eee 


oc : pc 
= —> 

14 

§ ! ‘ i 

DCL(O) see 7 | X 
: : ' Tsp : 
aes —— 
i, Tre 
—_— > 
FSC1/FSC2 (O)* ————— 
*Default polarity (can be programmed in ADFR). 11136-039B 


Figure 39. CP, DCL, FSC1/FSC2 Timing Relationships 





11136-040B 


Figure 40. Definition of Clock Period and Width 
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Tables 17 through 19 give the timing characteristics of the clocks. 
| Table 17. Clocks Timing 


















Symbol DCL Description Test Conditions Min. Typ. Unit 
Tp Output (TE) 512 kHz Osc +100 ppm 1822 ns 
Twx Output (TE) 512 kHz 2:1 Osc +100 ppm 1121 ass ns 
Twe Output (TE) 512 kHz 2:1 Osc +100 ppm 470 832 ns 
Twx Output (NT, LT-S, LT-T) — 200 — ns 
Twe Output (NT, LT-S, LT-T) — 200 — ns 





CP Description 





















Tp Output (TE) 1536 kHz Osc +100 ppm 
Twx Output (TE) 1536 kHz Osc +100 ppm 391 541 ns 
Tw. Output (TE) 1536 kHz Osc +100 ppm ee 260 281 ns 
Ta, Tr (TE, LT-T) CL = 100 p = 20 ns 
CL = 50 pF o— — 10 ns 
Tp Output (LT-T) 512 kHz i : 1953 2084 ns 
Twu Output (LT-T) 512 kHz 1121 1302 1483 ns 
Tw. Output (LT-T) 512 kHz Osc: 470 651 832 ns 


X1 Description 





Tp Output (TE) 3840 kHz eT -100 ppm 260 +100 ppm ns 
Twx Output (TE) 3840 kHz, 00 ppm 120 130 140 ns 
Tw. Output 3 ysc +100 ppm 120 130 140 ns 


Table 20. Reset 


Test Conditions 


Tres Length o , ve Power on/power down to Power Up (standby) 4 ms 


high-state cycles During Power Up (standby) 2 e DCL clock 


! Tres y 

; ; 

RES ////+? 

/ 7 / / / | t 

so ff ' 
11136-041B 

Figure 41. Reset Width 
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PHYSICAL DIMENSIONS 


Note: All dimensions in metric. 


PD040 


4 an oat, 





FERRET 
coal 








PLO44 





127 0,81max. 
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Amendment — 


Am2085 


ISAC-S A2 ISDN Subscriber Access Controller 


According to CCITT 1.430 the electrical characteristics 
of the S/T interface transmitter are to fulfill the following 
requirements:! 


¢ The output impedance, when the transmitter is 
inactive or transmitting a binary ‘1,’ should exceed 
2500 ohms. Note that this also applies to TEs with 
local power sources when the local power is 
switched off, although the TE is connected to an 
activated S-bus. 


e The output impedance, when the transmitter is 
transmitting a binary ‘0,’ should be = 20 ohms. Note 
that this also applies in the case of a 400 ohm load 
when the transmitter reaches a current- or voltage- 
limiting state. 


« Pulse shape and amplitude shall be in accordance 
with the given pulse masks. Note that in TE 
applications the effective test load for the transmit- 
ter not only consists of twice the terminating 
resistance (50 ohms) but also of the series resis- 
tances of other external components such as the 
transformer and the cord (maximum length 7 m). 


‘ISDN User-Network Interfaces: Layer 1 Recommendations. 
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The transmitter circuitry of the Am2085 ISAC-S A2 
meets these requirements in full. 


The transmitter essentially is a current-limited voltage 
source, delivering nominally 1.5 V to the 2:1 trans- 
former. The high output impedance when transmitting a 
binary ‘1,’ including when the power supply is switched 
off, is guaranteed by the circuit design. 


When transmitting a binary ‘0,’ the output impedance 
(Z,y7) has to be in the range 20-25 ohms in order that 
the pulse mask be fulfilled. Since the internal output 
impedance of the transmitter is negligible for a binary 
‘0,’ the impedance is realized by the total sum of 
external resistances (Figure 1); for example: 


Resistance of cord (TE only) (Roogp) 4-7Q 
Copper resistance of transformer (Rooppep) 9-173 Q 
Resistances for overvoltage protection 

of the transmitter, transformed to the 

primary (line) side with 4:1 (Royeavo.7) 150 


CCITT Recommendations of the Series I—Volume III Fascicle II1.5 Integrated Services Digital Network (ISDN). Villth Plenary 


Assembly Malaga - Torremolinos, 8—10 October 1984. 


This document contains information on a product under development at Advanced Micro Devices, Inc. 
The information is intended to help you to evaluate this product. AMD reserves the right to change or 


discontinue work on this proposed product without notice. 
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Publication # Rev. Amendment 
11136 Cc ‘1 
Issue Date: July 1989 


RREF (Reserved) Do Not Connect. 





1 
SX1 a 
R, 750 mV 
SX2 b 
overvolt ape Rood Laut 


Figure 1. Transmitter Environment Model of the ISAC-S A2 


DC CHARACTERISTICS 


TA = 0 to 70°C; Vp, =5 V£5% Veg = 0 V 


Symbol 





13.4 RL =5.6Q* 


* Due to the transformer, the load resistance seen by the Am2085 is four times R.,. 
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Advanced 
Am2110 Micro 
ISDN Terminal Adapter Circuit (ITAC) Devices 


DISTINCTIVE CHARACTERISTICS 





m= Universal adapter for ISDN R reference point @ Automatic calling/answering with on-chip 
| 
= Support of async and sync interfaces: X.21, comtroners 
X.21 bis, V.24, RS232C m@ in-band parameter exchange support 
m Programmable speeds from 300 bps to m Parallel 8-bit microcontroller interface 
Peeps m DMA support 
= @Bit rate adaptation according to X.30, V.110, 
ECMA.102. V.120 and DMI m Single +5 V supply, low power CMOS 
technology 
m Programmable time slots and subchannels for 
intermediate rates 
BLOCK DIAGRAM 





User Network 


Rate Rate : 2"x 8kb 
Async Bit Rate So 
Conversion Adaptation Interface 
Programmable 
Clock Generator 





Serial Communication Logic 
Parallel Microcontroller Interface 
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GENERAL DESCRIPTION 


The ISDN Terminal Adapter Circuit (ITAC) is a mono- 
lithic, full custom circuit for interfacing standard termi- 
nals and PCs to a circuit switched data network or an 
ISDN. It may be programmed to perform bit rate adapta- 
tion for 64 kbps clear channels according to the newest 
rate adaptation protocols. The on-chip communication 


controllers handle signaling between data equipment 
and the network, effectively replacing the “smart mo- 
dem” of the PSTN. The features of the ITAC make it suit- 
able for use in advanced networking applications that 
require flow control, in-band parameter exchange and 
interworking. 


een 
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CONNECTION DIAGRAMS 


Top View 
40-Pin DIP 
DACKO 1 @ VDD 
DACKi O 2 MI1 
EODR C 3 Mi2 
DMOR lL 4 MI3 
DMIR Y5 RTS 
AD7 Lj 6 RxD 
AD6 47 Txd 
AD5 8 S 
AD4W9 CTS 
AbD3 0 10 DTR/C 
AD2 G 11 MO2 
AD1 Uj 12 MO1 
ADO UY 13 XTAL1 
RST 14 | XTAL2 
cs 415 DCD/1 
RD Cj 16 DSR 
WR 17 SDX 
ALE 4 18 SDR 
INT G 19 CLK 





VSs 0 20 FSC 





Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 


R Interface | | | {I 
(X Series, V Series) 


VDD VSS XTAL1 XTAL2 


DTE 


FSC 


S ALE INT DMOR DACKO DmiR DACKI EODR 





pC System 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2110 J 


B 
| ee e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 


J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 
P = 40-Pin Plastic DIP (PD 040) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2110 
ISDN Terminal Adapter Circuit (ITAC) 


Valid Combinations 





AM2110 JC, JCB, PC, PCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 
DCE Mode 


ADO-—AD7 
Address/Data Bus (Input/Output) 


ALE 
Address Latch Enable (input) 


CLK 

Clock (Input) 

Data clock for the synchronous network interiace. 
cs 

Chip Select (Input) 

CTS 

Clear to Send (Output) 

(106) V.24 interchange circuit. 

DACKI 

DMA Input Acknowledge (Input) 


DACKO 
DMA Output Acknowledge (Input) 


DCD/I 

Data Channel Received Line Signal Detector 
(Output) 

Carrier Detect (109) V.24/Indicate X.21 interchange 
Circuit. 


DMIR 
DMA Input Request (Output) 


DMOR 
DMA Output Request (Output) 


DSR 


Data Set Ready (Output) 
(107) V.24 interchange circuit. 


DTR/C 
Data Terminal Ready (Input) 


(108) V.24/control X.21 interchange circuit. 
EODR 

End of DMA Output Request (Output) 
FSC 

Frame Sync (Input) 

8 kHz. 

INT 


Interrupt (Open Drain) 
Open-drain interrupt request. 


Mi1-3 
Multifunctionai (input) 
V.24 interchange circuit. 


MO1-—2 


Multifunctional (Output) 
V.24 interchange circuit. 


RD 


Read Enable (Input) 


RST 


Reset (Input) 


RTS 

Request to Send 

RxD 

Receive Data to DTE (Output) 


Data is clocked off by the ITAC on the falling edge of 
“S” on synchronous DT interfaces. 


Ss 

(Output) 

Bit element timing for synchronous DTE. 
SDR 


Synchronous Data Receive (Input) 
Data are input on the falling edge of CLK. 


SDX 


Synchronous Data Transmit (Output) 
Data are on the rising edge of CLK. 


TxD 

Transmit Data from DTE (Input) 

Data is latched by the ITAC on the rising edge of “S” 
on synchronous DTE interfaces. 

WR 

Write Enable (input) 


XTAL1 
Connection for External Crystal (Input) 


Input for external clock generator. 


XTAL2 


Connection for External Crystal (Output) 
N.C. when clock generator is used. 


VDD 
(Input) 
Power supply, +5 V +5%. 
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VSS MO3 


(Input) Multifunctional (Output) 

Power supply, ground. V.24 interchange circuit. 

DTE Mode RTS 

pcp Request to Send (Output) 
(105) V.24 interchange circuit. 

~ Set Ready (Input) RxD 

(107) V.24 achanse circuit. Recelve Data from DCE (Input) 
TxD 

DTR 


Transmit Data to DCE (Output) 
Data Terminal Ready (Output) 


(108) V.24 interchange circuit. 
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PIN NAMES 


Note: Pin names refer to DCE mode. 


ADO—7 vO Address/Data bus 

ALE I Address Latch Enable 

CLK | Network Clock 

cs | Chip Select 

CTS O Clear to Send 

DACKI | DMA Input Acknowledge 
DACKO | DMA Output Acknowledge 
DCD/| O Carrier Detect/Indicate 
DMIR O DMA Input Request 

DMOR O DMA Output Request 

DSR O Data Set Ready 

DTR/C | Data Terminal Ready/Control 
EODR O End of DMA Output Request 
FSC | 8 kHz Frame Sync Clock 
INT O Interrupt request 

MI1-3 I Multifunctional Inputs 
MO1-2 O Multifunctional Outputs 

RD | Read Enable 

RST | Reset 

RTS | Request to Send 

RxD O Receive Data 

S O Bit Clock 

SDR l Synchronous Data Receive 
SDX O Synchronous Data Transmit 
TxD | Transmit Data 

WR | Write Enable 

XTAL1,2 vO 


System Integration 
Terminal Adapter for ISDN Basic Access 


A typical implementation of an ISDN basic access fora 
conventional X- or V-series terminal using the ITAC is 
shown in Figure 1. 


The ITAC can be connected via a serial synchronous in- 
terface to an ISDN basic access transceiver/LAPD con- 
troller (in this case, the ISDN Subscriber Access Con- 
troller for the S interface, ISAC-S). These two devices, 
together with the terminal controller, convert V- and X- 
series interface characteristics to the functional and pro- 
cedural interface characteristics required by an ISDN at 
reference point S. 


Connections for 10.752 MHz crystal or external oscillator 


The ITAC subchannel multiplexing feature allows shar- 
ing a single 64 kbps bearer channel by up to eight inde- 
pendent terminals. This is illustrated in Figure 2. 


Figure 2 also illustrates how the ISDN Subscriber Ac- 
cess Controller for the U interface (ISAC-P) can be 
used, instead of the ISAC-S, in U interface applications. 
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Terminal Adapter ISDN S-Interface 











R 








ITAC 
Am2110 


ISAC-S 
Am2085 


> 
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- (a) 


SSI/IOM 






DTE/DCE 
signaling 


ISDN D-Channel 
signaling 





Terminal 
Controller 


(b) 


Figure 1. (a) Universal TA for the ISDN basic access R reference point (bit stuffing or flag stuffing 
bit rate adaptation) 


(b) Data paths for bit rate adapation according to V.110/X.30 
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> 
3 
x 
° 


---D 


am 
2 3 
hu 


SSIIOM 
¢ 


ISDN S/U-Interface 


CT) bs ISAC-S 
Yr or ISAC-P 





n= 2, 4, 8 for 
19.2, 9.6, < 9.6 kbps 
respectively 


*ISAC-S: Am2085 
ISAC-P: Am20950 


Figure 2. Sharing of bearer channels among several independent DTEs 
(up to 16 DTEs for two B channels). 


PC Adapter Board 


The ITAC may be used to enable communication be- 
tween a personal computer and conventional asynchro- 
nous or synchronous terminals. In this case, the data is 
sent and received over the parallel microcontroller inter- 
face, via the integrated communication FIFOs, or using 
DMA. Depending on the bit rate adaptation scheme 
used, the ITAC performs the appropriate formatting 
functions (V.110, V.120 or DMI, or V.110 embedded 
HDLC). 


Other Applications 


The synchronous network interface of the ITAC is com- 
patible to most PCM systems using programmable time 
slots. Consequently, the circuit in association with all 
IOM-compatible circuits is ideally suited for applications 
on PABX line cards and concentrators/multiplexers. 


Other applications of the ITAC include: host computer 
multiple line communication couplers, primary access/ 
DMI peripheral boards, and Interworking Units (IWUs) 
between ISDN and analog PSTN. 
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FUNCTIONAL DESCRIPTION 
General Functions and Device Architecture 


A simplified block diagram of the ITAC is on page 1. 


Data conversion is implemented by two main blocks. 
First, user data is transformed to a data rate synchro- 
nous to the ISDN, called the Network rate, by an Async/ 
Sync converter. 


The Bit Rate Adaption block converts the Network rate 
into a rate which can be transmitted to the ISDN, 2" x 8 
kbps, n= 0,1,2,3. | 


For synchronous switched-through DTE data, the 
Asynch/Synch Converter is not used, and the Network 
rate is identical to the User rate. Otherwise the Network 
rate is defined independent of the User rate. 


Through the Serial Communication Logic, the microcon- 
troller can access the receive and transmit data. 


An architectural overview of the ITAC is shown in 
Figure 3. 


The Programmable Clock Generator provides timing 
synchronized by the network master clock, to the differ- 
ent functional blocks. 


The Async/Sync Converter (ASC) block contains the 
stop bit and break signal manipulations necessary for 
asynchronous DCE/DTE interfaces according to V.22. 
The Intermediate Rate Conversion (IRC) and the Bearer 
Rate Conversion (BRC) blocks correspond to the RA1 
and RA2 stages of X.30 (1.461) and V.110 (1.463) CCITT 
recommendations. 


The Data Multiplexer switches the data between the 
DCE/DTE interface, the Intermediate Rate Conversion 
block and the Serial Communication Logic. The latter 
consists of a Universal Synchronous/Asynchronous- 
receiver and transmitter section and of an HDLC re- 
Ceiver and transmitter section, each with an integrated 
FIFO. The flexible FIFOs with DMA capability are opti- 
mized for fast parallel access to the control and user 
data streams. 


The ITAC performs recognition of local and remote 
DTE/DCE states via the Status Detect Logic. 


The microcontroller interface consists of registers nec- 
essary to configure the circuit and to monitor state 
changes. 


Finally, testing capabilities are provided, including test 
loops for data from local and from remote data 
terminals. 


Operating Modes 


The operating mode of the ITAC depends on the user in- 
terface type and on the bit rate adaptation protocol. 


in the case of a synchronous DTE, either an X.21 or an 
X.21 bis (synchronous V.24) may be selected. Inter- 
working between X.21 and X.21 bis DTEs is also pro- 
vided for. 
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inthe case of an asynchronous DCE/DTE interface, the 
ITAC may be used as a DCE or a DTE. 


Transparent Mode 


This mode is applied in the data transfer phase of a data 
call where only layer 1 conversion is required. 


In this mode, the microcontroller need only monitor the 
changes of call status through the Status Detect Logic 
and/or through generated interrupts. All conversion 
functions are implemented by the ITAC and are trans- 
parent to the microcontroller (Figure 4). 


The selectable User rates are summarized in Table 1, 
for both synchronous and asynchronous DCE/DTE 
interfaces. 


For each of the async rates, the user is able to select the 
character length, the number of Stop elements, as well 
as the tolerance range for the handling of DTE over- 
speed. 


Table 1. User Data Rates 


User rate,bps Async data Sync data 


300 
600 
1200 
2400 
4800 
9600 
19200 
38400 
48000 
56000 
64000 


MK mK KK OK OK 


mM KK OK KK OK OK OK OX 


As the name of this operation mode implies, the user 
data is handled transparently; in particular, no parity 
checking or generation is performed by the ITAC. 


Non-transparent Mode 


inthe non-transparent mode, the Serial Communication 
Logic is involved in the reception or the transmission of 
data or control information. This mode of operation is 
used in particular in the setup phase of a data call, inthe 
simulation of a Hayes Smartmodem command state, for 
In-band Parameter Exchange and in Host or Personal 
Computer applications (Figure 5). 


It is realized in practice by switching the USART receiver 
or the HDLC receiver and/or the USART transmitter or 
the HDLC transmitter into the data path between the 
DCE/DTE interface and the network interface. 


In this mode, higher-level functions are optionally per- 
formed by the ITAC on the user data, for example, parity 
generation and checking. 
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Figure 4. Transparent Mode 


interfaces 
The ITAC supports interfaces: Parallel Microcontroller Interface 
e toamicrocontroller system The {TAC is programmable over an 8-bit parallel 


microcontroller interface. Easy and fast microprocessor 
access is provided by 8-bit address decoding on chip. 
e to the network The interface consists of 18 lines and is directly compat- 
ible with processors of the multiplexed address/data bus 
type (Table 2). 


e tosynchronous/asynchronous DTEs 





Table 2. Microcontroller interface Signals for ITA 


Symbol Type Name and Function 


ADO-AD7 VO Address-Data bus. The multiplexed address/data bus transfers data and 
commands between the pC system and the ITAC. 


CS | Chip Select. A low on this signal selects the ITAC for a read/write operation. 
WR | Write. This signal indicates a write operation. 
RD | Read. This signal indicates a read operation. 
INT OD Interrupt Request. The signal is activated when the ITAC requests an 
interrupt. It is an open drain output. 
ALE l Address Latch Enable. A high on this line indicates an address on the 
external address/data bus. 
DMOR O DMA Output Request. The signal is activated when the ITAC wishes to 
output a byte of data via DMA. 
DMIR O DMA Input Request. The signal is activated when the ITAC wishes to receive 
a byte of data via DMA. 
DACKO l DMA Output Acknowledge. DMA Controller’s response to DMOR. 
ACK1 i DMA Input Acknowledge. DMA Controller’s response to DMIR. 
EODR O End-of-DMA output request for HDLC receiver. 
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USAX USAR 


(a) Call Contro! 
Hayes Smartmodem command state 
Automatic calling/answering 





USAX USAR 


(c) In-band Parameter Exchange (async.) 


, IRC; BRC | 
<4 


| HDLCX |HDLCR 


(e) PC (Host) simulation 
V.110 embedded HDLC 





HDLCX | HDLCR 


(b) Automatic calling/answering 


(HDLC) 








USAX JUSAR |HDLCX |HDLCR 


(f) V.120 or DMI bit rate adaptation 


Figure 5. Non-transparent Modes of the ITAC 


DCE/DTE Interface 


The DCE/DTE interface of the ITAC consists of six input 
and seven output lines. In addition to common X.21 and 
V.24 interface interchange circuits, the circuit supports 
three programmable, multifunctional inputs and two pro- 
grammable, multifunctional outputs. The assignment of 
the DCE/DTE interchange circuits are as shown in 
Table 3. 


The bits received and transmitted on RxD and TxD are 
such that logical “1” = high voltage and logical “0” = low 
voltage. 


The control signals are such that state OFF =high 
voltage and state ON = low voltage. 


For synchronous DTE interfaces, data on TxD are 
latched by the ITAC onthe rising edges of S, and data on 
RxD are clocked off by the ITAC on the falling edges 
of S. 
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Table 3. ITAC DCE/DTE Interface Signals 


DCE fai " DTE mode Mnemonic Description X.21 V.24 / X.21 bis 
| O TxD Transmit Data T 103 
O | RxD Receive Data R 104 
O S Signal Element Timing S 114/115 (sync only) 
| O DTR/C Data Terminal Ready/Control C 108 
O i DCD/I Data Carrier Detect/Indicate | 109 
| O RTS Request to Send - 105 
O I CTS Clear to Send - 106 
O | DSR Data Set Ready - 107 
i i Ml1-3 Multifunctional Inputs programmable 
O O MO1-2 Multifunctional Outputs programmable 


Synchronous Network Interface 


The Synchronous Network Interface (SNI) consists of 
four physical connections (Figure 7). Two lines are for 
the transmission of data, one for each direction. The 
other two lines are for the bit and frame clocks. 


The bit rate on the Serial Data Receive SDR and Serial 
Data Transmit SDX lines is equal to the bit clock fre- 
quency (CLK). Data is output on SDX on the rising 
edges of CLK and latched from SDR on the falling 
edges. The particular channel where data is to be re- 
ceived and transmitted by the ITAC is programmable. 
The position of the time channel is relative to the Frame 
Sync signal (FSC) which marks the beginning of the 
frame. The repetition rate of FSC is 8 kHz. The maxi- 
mum bit rate is 4.096 Mbps, corresponding to a maxi- 
mum of 512 bits per frame. 


Programmable Clock Generator 


The Programmable Clock Generator (PCG) consists of 
DPLL circuitry synchronized by the network reference 
clock (FSC) and driven by an external crystal of fre- 
quency 10.752 MHz +100 ppm or by an external oscilla- 


tor. It delivers the clocks used by the different functional 
blocks: 


e Bit clock for the Intermediate Rate Converter: 
8, 16, 32 or 64 KHz 


e Frame clock for the Intermediate Rate Converter 
e Network rate clock: 600 Hz to 64 kHz 
e User rate clock: 600 Hz to 64 kHz 


e Transmit async clock: 300 x 2", 
(n = 0,1,2,3,4,5,6,7) synchronized by the leading 
edge of a start bit. 


e Receive async clock: 300 x 2" Hz. 


The clocks are synchronized upon the timing received 
from the Synchronous Network Interface, when pro- 
vided. When the SNI timing is not provided, the clocks 
are running free if not disabled by the microcontroller. 
Upon application of network clocking, synchronization 
of the clocks is automatically performed in such a way 
that any phase jump does not exceed 1 of the nominal 
synchronous clock period. 





ps 


Subchannel (1, 2, 4 or 8 bits) Tri-State 
SDX 


Figure 6. Timing of the Synchronous Network interface 
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Table 4. Network Rate-to-intermediate Rate Conversion Summary 


Network Intermediate 
rate bps rate (kbps) 

600 8 
1200 8 
2400 8 
4800 8 
9600 16 
19200 32 
38400 64 
48000 64 
56000 64 
64000 64 


Async/Sync Converter 


The ASC transforms the stream of Start/Stop formatted 
characters into a synchronous bit stream defined by 2" 
times 600 bps, and vice versa. 


The possible asynchronous rates are: 300, 600, 1200, 
2400, 4800, 9600, 19200 and 38400 bps. 


Functions in the Transmit Direction 


The async-to-sync converter transforms the asynchro- 
nous characters (User rate) into a selected synchronous 
Network rate. The Network rate is equal to 2” x nominal 
User rate (n = 0 to 7). 


e Framing upon the incoming characters from local 
DTE/DCE. (Baud rate factor 16) 

e Handling of underspeed and overspeed: 
Transmitted characters are padded with Stop ele- 
ments as often as necessary to match the Network 
rate. In case of overspeed, Stop elements are de- 
leted within the limits of the selected tolerance 
range. 

e Recognition and generation of break signals: 

A break signal is generated in accordance with 


V.110 when at least M-bits of Start polarity at User 
rate are detected. 


Note: Mdenotes the number of bits per character in the 
selected format including Start and Stop bits. 


Functions in the Receive Direction 


The sync-to-async converter transforms the synchro- 
nous bit stream (Network rate) into an asynchronous 


Frame length User data bit 
(bit) repetition factor 


4x 80 
2 x 80 
80 
80 
80 
80 
80 
32 
8/64 
transparent 


wh ok ot ok ek eA ek AD f © 


User rate. The latter is equal to 2" x Network rate, (n= 0 
to 6) for Network rate greater than 600 bps. It is either 
300 or 600 bps for Network rate equal to 600 bps. 


e Framing upon the incoming characters from the In- 
termediate Rate Converter 

e Missing Stop elements: 
Missing Stop elements are restored. If necessary, 
the length of Stop elements are reduced according 
to the selected tolerance range, to allow for over- 
speed on the transmitting side. 


e Break signal: 
The 2M +3 or more bits of Start polarity received 


from the transmitting side are output to the DCE/ 
DTE interface. 


Intermediate Rate Converter 
The IRC converts 


e The synchronous net data originating from the 
DCE/DTE interface, the Async-to-Sync Converter 
or the Serial Communication Logic into an interme- 
diate rate equal to 2"x 8 kbps. 


e The intermediate rate into synchronous net data 
sent to the DCE/DTE interface, the Sync-to-Async 
Converter or the Serial Communication Logic. 


The intermediate rate and the frame are implicitly 
determined by the Network rate, as shown in 
Table 4. 

For rates up to 38400 bps, the frame is based on 
the 80-bit frame structure shown in Table 5. 
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Table 5. 80-bit Frame Structure (X.30/V.110) 


Bit Bit position 

number 1 2 3 4 5 6 7 8 
0 0 0 0 0 0 0 0 0 
1 1 D1 D2 D3 D4 D5 D6 Si 
2 1 D7 D8 D9 D10 D11 D12 X 
3 1 D13 D14 D15 D16 D17 D18 Sj 
4 1 D19 D20 D21 D22 D23 D24 Sk 
5 1 E1 E2 E3 E4 E5 E6 E7 
6 1 D25 D26 D27 D28 D29 D30 SI 
7 1 D31 D32 D33 D34 D35 D36 X 
8 1 D37 D38 D39 D40 D41 D42 Sm 
9 1 D43 D44 D45 D46 D47 D48 Sn 


The adaptation of 48 and 56 kbps rates is based ona 
32- anda 64-bit frame, respectively, according to V.110. 


Functions in the Receive Direction 


e Frame recovery 


The frame alignment pattern is composed of eight 
zeros and nine ones. In addition, bit E7 is used for 
superframe alignment in the 600 bps case. 

The receiver indicates its state of synchronism to 
the microcontroller via a maskable interrupt status. 


e Extraction of D bits 


e Extraction of status bits 


These bits are accessible to the microcontroller. 
Additionally, they can be directly mapped on to the 
DCE/DTE interface in synchronism with the D-bits 
according to X.30 or V.110. If an X.21 interface is 
selected, the SP, SQ and SR are mapped on | in- 
terchange circuit. Otherwise, SA (S1,S3, S6, S8) 
and SB (S4, S9) are mapped as shown in Figure 7. 


e Extraction of E and X bits 





C/DTR (108) 








VDCD (109) 


SP, SQ, SR 


SP, SQ, SR 


Transmit 


Receive 


(a) DCE Mode, Remote DTE = X.21 


DTR (108) 
RTS (105) 
DSR (107) 
DCD (109) 





Transmit 


Receive 


(b) DCE Mode, Remote DTE = 
Non-X.21 


DSR (107) 


DCD (109) 
DTR (108) 


RTS (105) 


(c) DTE Mode 





Transmit 


Receive 
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These bits are accessible to the microcontroller. A 
change is reported via a maskable interrupt status. 


Functions in the Transmit Direction 
e Frame setup 

e Insertion of D-bits 

e Insertion of status bits 


These bits either originate from the microcontroller 
or they convey the state of DTE interchange circuits 
at specific sampling points according to recommen- 
dation X.30 or V.110. In the latter case, if an X.21 
interface is programmed, the SP, SQ and SR bits 
reflect the state of C interchange circuit. Otherwise, 
SA (S1, S3, S6, S8) and SB (S4, S9) are mapped 
as shown in Figure NO TAG. 


e Insertion of E and X bits. 
These bits originate from the microcontroller. 


Bearer Rate Converter 


The BRC takes the intermediate rate data to groups of 1, 
2 or 4 bits, to be sent as a subchannel in a 64 kbps 
bearer channel, and vice versa. The BRC is not used in 
the case of programmed network rate greater than or 
equal to 38400 bps. 


Status Detect Logic 


The ITAC performs detection of local DCE/DTE inter- 
change circuit states for V.24 interfaces. The local DCE/ 
DTE states monitored by the Status Detect Logic are 
DTR (108), RTS (105) and Mli-3 (DSR, DCD and 
Ml1-—3 in DTE mode). Changes of state are reported to 
the Microcontroller Interface Logic by a maskable 
interrupt status. 


Inthe case of a local X.21 DTE, combined local (TxD, C) 
Status recognition is performed by the Status Detect 
Logic. Valid X.21 states are reported to the Micro- 
controller Interface Logic after 16 bit times over a status 
bit. The valid states are shown in Table 6. 


When the local DTE is synchronous and the local DTE 
orthe remote DTE is of the X.21 type, combined remote 
(TxD, C) status recognition is performed as also shown 
in Table 6. 


Table 6. Valid X.21 States 


Local DTE status Remote DTE status 


__ (TxD, C)local (TxD, C) remote 
(1, ON) (1, ON) 
(0, ON) 
(1, OFF) (1, OFF) 
(0, OFF) (0, OFF) 
(0011, OFF) (0011, OFF) 
(01, OFF) 


(00001111, OFF) 


Hayes Protocol Support 


The Hayes (Smartmodem) Protocol is supported by the 
integrated USART plus additional hardware. 


In the “on-line mode,” the ITAC behaves as a conven- 
tional modem, treating the data transparently as ex- 
plained inthe Transparent Mode section on page 10. To 
implement the Hayes modem command mode, the 
USART with its associated FIFOs is switched into the 
data path for the exchange of control character se- 
quences with the local DTE. 


In the Hayes Smartmodem protocol, the retum to the 
command mode from the on-line mode is possible with- 
out tearing down the data call. The return is effected af- 
ter the reception of escape characters. 


The ITAC implements this procedure by recognizing a 
local character(s) from the local DTE. In addition, the 
“guard time” specified in the Hayes protocol can be 
supervised via a Status bit. 


Flow Control Support 


A flow control option, for use with TAs supporting asyn- 
chronous DTEs, is offered by the ITAC. Flow control 
allows the connection of asynchronous DTEs operating 
at different user data rates by reducing the character 
output of the faster to that of the slower DTE. 


The connection of two DTEs operating at unequal rates 
requires that the selected Network rate is different from 
the User rate for one of the ITACs. 


If the Network rate is lower than the User rate, extemal 
buffering of the characters received from the local DTE 
is implemented by switching the USART in the transmit 
data path. The receive data path requires no buffering, 
and the speed conversion is automatically handled by 
the ITAC (Figure 8a). 


If, onthe other hand, the User rate is lower than the Net- 
work rate, external buffering of the characters received 
from the network is implemented by switching the 
USART inthe receive data path. The transmit data path 
is transparent (Figure 8b). 


For use in a terminal adapter connected to the faster 
DTE (Figure 9a and b), the ITAC supports in-band and 
out-band local flow control procedures. In-band flow 
control is implemented by outputting a special XON/ 
XOFF character to the local DTE. The character is in- 
serted in the input data stream upon a microcontroller 
command without loss of receive characters. Out-band 
flow control is implemented by the microcontroller 
directly controlling an output line, CTS. 


Remote flow control is required in the case where the 
Network rate of one of the terminal adapters is higher 
than the selected User rate (Figure 9b). The X-bit is 
used to carry flow control information. The micro- 
controller is able to directly set the X-bit according to the 
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(b) 
Figure 8. Local and Remote Flow Control Situations. It is assumed that DTE1 Is always the faster DTE. 


state of the character buffer on the transmitting side. On 
the receiving side, the ITAC reports any changes in the 
X-bit by a maskable interrupt. 


For the case where a DTE itself transmits flow control 
characters to slow down the remote DTE, the ITAC pro- 
vides for recognition and inhibiting of two programmable 
characters from the DCE/DTE interface. Finally, to sup- 
port the connection of terminal adapters employing in- 
band remote flow control, the ITAC is also able to recog- 
nize two programmable characters from the 
network. 


Serial Communication Logic 


The Serial Communication Logic consists of two inde- 
pendent controllers, the USART and the HDLC control- 
ler, with their associated FIFOs. 


FIFO Operation 


The length of each of the Receive FIFOs (RFIFO) and 
Transmit FIFOs (XFIFO) is nine characters/bytes. 


The first bit of a character/byte received or transmitted is 
the rightmost stored bit or LSB. Characters are right- 
justified. 


Interrupt status bits indicate the state of RFIFO and 
XFIFO. Data can be loaded and fetched by the micro- 


controller, or using DMA. However, even in the DMA 
case the FIFOs are used. This gives a worst case reac- 
tion time of 1 ms in both non-DMA and DMA operation 
(worst case of 64 kbps), to maintain a constant data 
throughput. 


Inthe HDLC case several frames can be simultaneously 
stored in the RFIFO and the XFIFO. 


USART 


Inits asynchronous mode, the USART has the following 
programmable settings (Table 7). 


Table 7. Programmable Settings of the USART 


Parameter Values 
Character length excluding 

possible parity bit 5,6, 7,8 
Parity check/generation yes, no 
Parity type even, odd, 0,1 
Number of stop bits 1,2 


When enabled, the receiver searches for valid character 
frames (Start + character + Stop) and stores the charac- 
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ters in the RFIFO as they arrive, stripping off the start 
and stop bit(s). 


A possible parity bit is stored in the RFIFO as the bit im- 
mediately on the left of the MSB. Thus the parity is trans- 
ferred to the microprocessor, an exception being: num- 
ber of character data bits = 8 plus parity. 


In the case where a parity error is detected (and parity 
check/generation is programmed), this fact is indicated 
with a status bit at the time the microcontroller reads the 
corresponding character from the RFIFO. Similarly, a 
framing error status is generated at the time when the il- 
legal character is read from the RFIFO. 


A break signal is received if a row of null bits of 
length > M—1 is detected from the DCE/DTE interface, 
or of length> 2M-—2 is detected from the network. A 
break signal is reported by an interrupt status. 


When the asynchronous transmitter is enabled, the 
transmission of any characters entered in the XFIFO is 
immediately started. Characters are separated by the 
selected number of Stop bits. Characters may be en- 
tered in the XFIFO even if the async transmitter is not 
enabled. When the XFIFO runs empty, continuous “1” is 
transmitted until a new character is available. 


Break signals of any length may be transmitted. 


Inthe synchronous mode of the USART, the characters 
received and transmitted have a length of eight bits, in- 
cluding possible parity. 


The sync receiver has two modes of operation: Trans- 
parent mode and Hunt mode. In the Transparent mode 
the receiver, when enabled, immediately starts storing 
received characters without regard for octet synchroni- 
zation. In the Hunt mode, the receiver searches for one 
(monosync) or two (bisync) programmable characters 
before starting to store the received characters. The 
Hunt mode and the Transparent mode may be entered 
at any time by issuing the corresponding command. 


If desired, a programmable parity check is performed on 
the receive characters, as in the asynchronous case. 


The operation of the transmitter is similar to the opera- 
tion inthe async mode. However, no parity is generated. 
Further, in the synchronous mode, the last character is 
repeatedly transmitted when the XFIFO runs empty, as 
opposed to constant “1” in the async mode. 


HDLC Controller 
The functions performed by the HDLC receiver are: 
e flag detection 


e zero deletion 


e CRC checking (generator polynomial: 
X164+x124+x5+1) 


check for abort 
check for idle 


When enabled, the receiver enters a hunt phase and re- 
mains in the hunt phase until it detects a valid opening 
flag. 


Once a flag is recognized by the receiver, not followed 
by another flag or by an abort or idle sequence, all the 
subsequent eight-bit bytes are stored in the RFIFO, up 
to and excluding the Frame Check Sequence (FCS) that 
immediately precedes the closing flag. When the clos- 
ing flag is detected, a “receive status byte” is appended 
to the stored frame. This status byte contains status in- 
formation pertaining to the received frame: frame 
aborted yes/no, CRC error yes/no data overflow yes/no, 
and number of significant bits in the last receive byte. 


As the receive status byte is read, an interrupt status is 
generated to indicate the end of the receive frame. 


When the beginning of a receive frame is detected and 
the RFIFO is full, the frame will be completely lost and 
an interrupt status is generated. 


The functions performed by the HDLC transmitter are: 


e flag generation 

e zero insertion 

e CRC generation 

e abort sequence generation 
e interframe time fill generation 


When the transmitter is enabled, the transmission of any 
bytes entered in the XFIFO is immediately started, pre- 
ceded by an opening flag. 


To indicate the end of frame, the microcontroller sets a 
control bit after having entered the last data byte of that 
frame in the XFIFO. Every write operation of the bit 
serves as a frame delimiter. 


As long as frames are entered in the XFIFO, they are 
transmitted in the order in which they were entered. 


When no datais available in the XFIFO and the transmit- 
ter is enabled, interframe time fill (either non-shared 
flags or continuous ones), is transmitted. 


When the XFIFO becomes empty and a frame end indi- 
cation has not been issued, an error interrupt status is 
generated. An abort sequence (instead of FCS plus 
flag) is automatically transmitted following the last byte 
entered. 


Maintenance Functions 


Two test loops are provided in the ITAC. The “remote” 
test loop is located close to the DCE/DTE interface. The 
“local” test loop is located close to the Synchronous Net- 
work Interface (Figure 9). 


In the remote loop mode, communication between the 
local DCE/DTE and Serial Communication Logic is 
possible. 


In the local loop mode “all ones” or tri-state is transmit- 
ted to the Synchronous Network Interface. 
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Figure 9. ITAC Test Loops 
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OPERATIONAL DESCRIPTION 
Register Set 
The communication between the microcontroller and 


the ITAC is done via a set of directly accessible 8-bit 
registers. 


The register set can be divided into: 


e interrupt status registers and status registers for su- 
pervising the operation of the circuit, and 
registers for data transfer to the microcontroller; 


e control registers for configuring the ITAC according 
to the different phases of a data call, registers for 


Six Non-Acknowledgable 


Status Registers 


IST 


parameter selection, command registers and 
registers for data transfer from the microcontroller. 


Interrupt Structure 


Since the ITAC provides only one interrupt request out- 
put, the cause of an interrupt is determined by the 
microcontroller by reading the Interrupt Status Register 
IST. The bits in IST point to status registers, as shown in 
Figure 10. 


Last ] Loesk | [mask | rw 
[ack] Lackn | [Lacks | w 









INT 


Figure 10. Interrupt/Status Register Structure 


A“1” in any of the IST register bits causes the INT line to 
be activated. 


INT is deactivated when all the bits set in IST are ac- 
knowledged by the microcontroller, or reset internally by 
the ITAC. 


The IST register bits can be selectively masked 
(MASK). This has no effect onthe IST register bits, buta 
masked interrupt status bit in IST does not cause the INT 
line to be activated. 


Status Registers 
The status registers are listed in Table 8. 


Six of the registers contain information concerning the 
state of the communicating DTEs, the state of synchro- 
nization of the ITAC, and S, X and E bit status. Achange 
in any of the registers causes an interrupt status bit in 
IST to be set. 


The other three registers include the state of the Serial 
Communication Logic and information about special 
events. A “1” in one of the bits in these registers causes 
the interrupt status bit in IST to be set. An active status is 
reset when the condition that caused it is no longer true, 
or when acknowledged by the microcontroller. The reg- 
isters have an individual mask register. An active mask 
bit prevents the bit in IST from being set, but the status 
can be polled in the originating register. 


Acknowledgment is performed by writing a “1” in the po- 
sition of the status bit. 


In addition to the eight status registers which are part of 
the interrupt logic, one register is provided which is 
polled by the microcontroller but which may not cause 
interrupts (STR). 
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Table 8. Interrupts and Status Registers 


Interrupt/Status 
Interrupt Source of Interrupt Status Maskable acknowledged 


status status through 
LDC Change in Local DTE Status (LDS No IST 


ELDC Change in Local DTE Status (ELDS) No IST 
RDC Change in Remote DTE Status (RDS) No IST 
SYC Change in Synchronization Status (SYS) No IST 
SXEC Change in S, X, or E bits (SXS, ES) No ST 
RF Receiver and REIFO Status (RFS): Yes RFS 


HDLC Receive Data 

USART Receive Data 

HDLC Receive FIFO Full 
USART Receive FIFO Full 
Receive Message End Reception 
Receive Message End 

Framing Error 

Parity Error 


XF Transmitter and XFIFO Status (XFS): Yes XFS 


HDLC Transmit FIFO Write Enable 
USART Transmit FIFO Write Enable 
HDLC Transmit FIFO Empty 
USART Transmit FIFO Empty 
HDLC Transmit Data Underrun 


SC Special Condition Status (SCS): Yes SCS 


HDLC Receive FIFO Overflow 
USART Receive FIFO Overflow 
Break Begin 

Break End 

Local Character 1 Recognized 
Local Character 2 Recognized 
Remote Character 1 Recognized 
Remote Character 2 Recognized 


Status Register (STR) STR 
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Write Registers 


Table 9. Write Registers 














Mask Registers Write/Read 
MASK Interrupt Status Mask Register W/R 
RFIM Receiver & RFIFO Interrupt Status Mask Register W/R 
XFIM Transmitter & XFIFO Interrupt Status Mask Register W/R 
SCIM Special Condition Interrupt Status Mask Register W/R 
Configuration Registers 

GCR General Configuration Register W/R 
SCR Special Configuration Register W/R 
AICR Asynchronous Interface Configuration Register W/R 
DPCR Data Path Configuration Register W/R 
HMR HDLC Mode Register W/R 
UMR USART Mode Register W/R 
Operational Parameter Registers 

BRS Bit Rate Select W/R 
TSR Time Slot Register W/R 
NRF Number of Retry Frames W/R 
Control Registers 

LDR Local DTE Register W/R 
RDR Remote DTE Register W/R 
XER Transmitted E-bits W/R 
Command Registers 

HCC HDLC Controller Commands W 
UCC USART Controller Commands WwW 
INSC Character Insert W/R 
Constants & Special Character Registers 

SYN Synchronization character W/R 
LCAR1 Recognizable Character 1 from Local DTE/DCE W/R 
LCAR2 Recognizable Character 2 from Local DTE/DCE W/R 
RCAR1 Recognizable Character 1 from Remote TA/DTE W/R 
RCAR2 Recognizable Character 2 from Remote TA/DTE W/R 
Other Registers 

TEST Test Register W 





Reset State 


The ITAC is in the reset state after power-on or after the 
application of a reset pulse on RST. 


In the reset state, all control registers are zeroed and all 
interrupts are masked. Synchronous Network Interface 
and DCE/DTE interface outputs are tri-state. 


Power-Down State 


The ITAC may be set in a standby state to save unnec- 
essary power consumption when idle. For switching the 


Am2110 


ITAC between standby and operational states two 
cases are distinguished, according to whether the DCE/ 
DTE interface is an X.21 interface, or a V.24 interface. 


The characteristics of the standby state are shown in 
Table 10. 
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Table 10. Characteristics of the Standby State 


Output or function X.21 (V24=0) 
Microcontroller Interface Operational 
Oscillator Disabled 

Other logic Disabled 

RxD Previous state 

S Logical 1 or tri-state 
Other DCE/DTE outputs Previous state 

SDX Tri-state 


Foran X.21 interface, switching between “standby” and 
“operational” is only subject to the state of the control bit 
PU (Power Up). The oscillator reaches a steady state 
within 10 ms after the PU bit is set to one. 


V.24 (V24=1) 


Operational 
Enabled 

DTR detection 
Previous state 
Logical 1 or tri-state 
Previous state 
Tri-state 


Inthe V.24 case, standby is reached when PU is set to 
zero and DTR(108) interchange circuit is OFF. When 
DTR is switched ON, the standby state is left, an inter- 
rupt is generated, and the PU bit is set to one by internal 
logic. (Figure 11). 


Operational 


DTR(108) = OFF 
an 


PU = 1 or DTR(108) = ON 
/ action: PU = 1 


Figure 11. Standby State Diagram (V24 = 1) 


initialization 


After reset, the user has to write a minimum number of 
registers to set the ITAC into an operational state. The 
most important among these are: 

General Configuration Register (GCR) 

Bit Rate Select Register (BRS) 

Data Path Configuration Register (DPCR) 

Local DCE/DTE Interface Register (LDR). 
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Interrupts are enabled via the MASK register. 


The microcontroller may switch the ITAC into opera- 
tional state at any time, not necessarily at initialization— 
unless a clock is required by the local DTE—but, say, 
upon detecting an incoming data call. Also the auto- 
matic wake-up feature can be used in the case of an out- 
going call. Note that switching between “standby” and 
“operational” does not affect the contents of the 
registers. 
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Processing 


If the ITAC is run in transparent mode, the microcon- 
troller has only a supervisory function. Special events, 
such as loss of synchronization, or changes in the state 
of the local or the remote DTE can be monitored via the 
interrupt logic, or by polling. 


Inthe non-transparent mode, the Serial Communication 
Logic is activated. Data transfer itself can be interrupt, 
polling or DMA-driven. 


Interrupt Operations 
If neither the USART nor the HDLC controller is used in 


DMA, the non-DMA mode is selected (DMA = 0). 
Reception 


The reception of data is supervised via the Receiver and 
RFIFO Status register (RFS). 





USART 


The USART Receive Data (URD) maskable interrupt 
status indicates that at least one character is stored in 
the Receive FIFO. The URD status is reset when the 
RFIFO is empty. 


The reaction time of the microcontroller to a URD inter- 
rupt status is, in the worst case, 1 ms (64 kbps synchro- 
nous data transfer). 


The receive FIFO Full (URFF) interrupt status indicates 
that the Receive FIFO contains nine characters. This 
interrupt should be serviced with a high priority, other- 
wise a Receive FIFO Overflow (URFO) interrupt status 
might occur. 


The Framing Error and Parity Error bits (FER, PER) may 
also be enabled to generate an interrupt, or, else, canbe 
polled in RFS. These bits are updated every time a 
character is read from RFIFO. 


uP Write 





Shift Register 


b. Transmit FIFO 


Figure 12. FIFO Status Indications 


uP Read 
-——-—RD 
— RFF 
Shift Register 
— RFO 
a. Receive FIFO 
HDLC 


Data transfer over the HDLC receive FIFO is similar to 
the USART case. The interrupt status HDLC Receive 
Data (HRD) indicates that at least one byte of data is 
stored in RFIFO. The HDLC Receive FIFO Full (HRFF) 
interrupt status indicates that nine bytes are stored. 
Loss of data is indicated by: 


e HDLC Receive FIFO Overflow (HRFO) interrupt 
status if the first byte of an HDLC frame could not 
be stored because of a full RFIFO, and conse- 
quently one or more HDLC frames are lost; 


e Otherwise the loss of data is indicated by the RDO 
(Receive Data Overflow) bit in the status byte of the 
corresponding frame. 


The end of a frame is indicated by the Receive Message 
End (RME) bit in RFS. This status is updated every time 


a byte is read from RFIFO, and may also be enabled as 
an interrupt status. 


Transmission 


The transmission of data is supervised via the Transmit- 
ter and XFIFO Status register (XFS). 


USART 


The USART Transmit FIFO Write enable (UXW) mask- 
able interrupt status indicates that one or more charac- 
ters may be written in the Transmit FIFO. The UXW 
status is reset when the XFIFO is full. 


When all characters in the XFIFO have been read, a 
Transmit FIFO Empty (UXFE) interrupt status is gener- 
ated. When the XFIFO becomes empty, “1” (async), or 
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the last entered character (sync) is continuously 
transmitted. 


HDLC 


Data transmission over the HDLC XFIFO is similar to the 
USART case. In addition to HXW and HXFE a HDLC 
Transmit Data Underrun (HXDU) interrupt status bit is 
provided, which is activated when the last byte in XFIFO 
has been transmitted and no XME command has been 
issued. The frame is closed with an abort sequence. If 
the frame is not yet complete, the HXFE interrupt should 
be serviced with high priority to prevent HXDU from 
occurring. 


DMA Operations 
USART 


DMA mode (DMA=1) with USART (DMH =0) is pro- 
grammed in the General Configuration Register. 


Receiver 


The USART Receive FIFO Full (URFF) interrupt status 
indicates that a DMA output request (DMOR) is pending 
and the RFIFO is full. It serves as a request for the 
microcontroller to program the DMA controller. The 
URFF status is withdrawn when less than nine charac- 
ters are present in the ITAC. 


Up to nine characters may be stored inside the ITAC be- 
fore loss of data. The DMOR request is automatically 
generated until all characters have been read. 


Generation of DMOR request is blocked when a PER or 
an FER interrupt status occurs (if enabled in RFIM). 
Generation of DMOR can be resumed when the PER/ 
FER interrupt status is acknowledged by the micro- 
controller. 


Loss of data is indicated by the URFO interrupt. 


Transmitter 


The DMA input request (DMIR) is initially generated by 
the ITAC when the DMA Start Command (UDMS) is is- 
sued. A DMIR request is generated as long as space is 
left in the XFIFO. If the DMA controller does not respond 
to the request before the last character is read from the 
XFIFO, a Transmit FIFO Empty (UXFE) interrupt is gen- 
erated and DMIR is withdrawn. After a UXFE interrupt, 
DMA transfer may be started anew by reissuing a 
UDMS command. 


HDLC 

DMA mode (DMA=1) with HDLC (DMH=1) is 
programmed in the General Configuration Register. 
Receiver 


The HDLC Receive FIFO Full (HRFF) interrupt status in- 
dicates that a DMA output request (DMOR) is pending 


Polling Operations 


For polling driven operations non-DMA mode is pro- 
grammed in the General Configuration Register 
(DMA= 0). Interrupts are disabled by masking in the 
MASK register. The Interrupt Status Register, however, 
can be polled and the status bits may be acknowledged 
as usual. Events can also be masked at the status regis- 
ter level, in which case they do not cause bits to be setin 
the Interrupt Status Register. 


and the RFIFO is full. It serves as a request for the 
microcontroller to program the DMA controller. The 
HRFF status is withdrawn when less than nine bytes are 
present in the ITAC. 


A Receive Message End Received (RMER) interrupt 
can be also uSed as a request to program the DMA con- 
troller. It indicates that the end of an HDLC frame has 
been received. 


Up to nine bytes may be stored inside the ITAC before 
loss of data. The DMOR request is generated until all 
bytes have been read. 


When the status byte pertaining to a received HDLC 
frame is read, a Receive Message End (RME) interrupt 
status is generated. Simultaneously, EODR output is 
activated. The status bit remains set until acknowledged 
by the microcontroller. Generation of DMOR requests is 
blocked until RME has been acknowledged, and re- 
started thereafter. If the microcontroller does not ac- 
knowledge the RME status before a RFIFO overflow oc- 
curs, then: 


e If the first byte of a receive frame could not be 
stored, a HDLC Receive FIFO Overflow (HRFO) is 
generated; 


e Otherwise, the overflow is indicated in the status 
byte of the corresponding frame. 


The EODR output is deactivated when RME is acknowl- 
edged. 


Transmitter 


The DMA input request (DMIR) is initially generated by 
the ITAC when the DMA Start Command (HDMS) is 
issued. When a byte has been fetched for transmission, 
a new request is generated. If the DMA controller does 
not respond to the request before the XFIFO is empty, a 
Transmit FIFO Empty (HXFE) interrupt is generated, 
DMIR is withdrawn and the frame is automatically 
closed by appending a FCS and a closing flag. DMA 
transfer may be started anew by reissuing a HDMS 
command. 





1-238 


Am2110 


~~ R R 


URD/HRD ———, 1 Byte ' 9 Bytes 
' in RFIFO 1 in RFIFO 


DMOR oes ee ee ne ee ed | 
Aaa a a eens aaa Oe ma ee 
2 eomeect id uaa i eee seed & aaa 2 Ge 
Acknowledge 
rencen} | tH , 
nn ea 
EODR ee . 
(HDLC) 
| 
URFF 2? ° | 
HRFF 


a. Receive 


XFE/HXFE ee aa a 


1 4 Byte Free Empty 
UXW/HXW as oe aa 
& 


VDMS/HDMS | | 2} : 2! 22 | | 


id 1 Char/7 Bits > 


Poe ae a | 
_ ee Oe ied ee ae a Oe 
WR 1, Byte 229. Byte 23 = 





4 





b. Transmit 


Figure 13. DMA Operation 
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DETAILED REGISTER DESCRIPTION 
Register Space either even microprocessor addresses only or odd 


In order to facilitate a direct connection to 16-bit proces- microprocessor addresses only. 
sors, it is possible to access all ITAC registers using The register address map is shown in Figure 14. 


Interrupt/Status Registers 
Interrupt Status Register (iST) 


[oe [ase] wo [me [owe | [Loe 


LDC _ Local DTE Status Change (status register SXEC_ S, XorE bit Status Change (status register 
LDS) SXS, ES) 

ELDC Extended Local DTE Status Change (status RF Receiver and RFIFO Status (status register 
register ELDS) RFS) 

RDC Remote DTE Status Change (status register XF Transmitter and XFIFO Status (status register 
RDS) | XFS) 

SYC = Synchronization Status Change (status regis- SC Special Condition Status (status register 
ter SYS) SCS) 


Local DTE Status (LDS) 
Non-X.21 Mode (V24=1) 


fom [me Pw [oe [re [x 


DTR Data Terminal Ready interchange circuit RTS Request To Send interchange circuit state 


ate 
: Mli-—3 Multifunctional input states 


X.21 Mode (V24=0) 





LONO Local (0, ON) state LL3 —_ Local Loop 3. Local (00001111..., OFF) 
LOF01 Local (0101..., OFF) state state 


Extended Local DTE Status (ELDS) 
X.21 mode only (V24 = 0). 


ox fon fow [on Joop Te D> 
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Address Read Write 


00-OF RFIFO (HDLC) XFIFO (HDLC) 
10—1F RFIFO (USART) XFIFO (USART) 
20,21 IST ISTA Interrupt Status Register 
22,23 
24,25 
26,27 
28,29 
2A,2B 
2C,2D 
2E,2F 
30,31 
32,33 
34,35 
36,37 
38,39 
3A,3B 
3C,3D 
3E,3F 
40,41 
42,43 
44,45 
46,47 
48,49 
4A,4B 
4C,4D 
4E,4F 
50,51 
52,53 
54,55 
56,57 
58,59 
5A,5B 
5C,5D 
5E,5F 
60,61 
62,63 
64,65 
66,67 
68,69 
6A,6B 
6C,6D 
6E,6F 
70,71 
72,73 
74,75 
76,77 
78,79 
7A,7B 
7C,7D 
7E,7F 


Status Registers 


= Mask Registers 


Configuration Registers 


Operational Parameter Registers 


Control Registers 


Command Registers 


Constants and 
Special Character Registers 





Figure 14. ITAC Register Map 
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IS 


+ 


woe] aoe] wo] wef oee] De] 
rom we] om Pep] ff 


LDS 





fowfoo] we] « [ete] a] x 
cos [louhonfionfionfow]u [| = 
ws [rou fron]ron]ron]rom] ma | = | x 
[re [mo] [x [ope] 






SYS 
vo fof] [* [efx] > [> 
» fel=[=l= [elm fe]. 


os [ow ]ow Por [orefoo] = [> 
es [mofo] [= fo [= [mm 


sm [oof os [ra [ou from] me] ow] x 
Rec. HDLC Frame 
mcrane [oo | onc | ras | o | o | vee | ver | veo 


Figure 15. ITAC Status Register Summary 
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Extended Local DTE Status (ELDS) 
X.21 mode only (V24 = 0). 











LONX | LOFX {| LON1 


LONX Local (X, ON) state LOF1 Local (1, OFF) state 
LOFX Local (X, OFF) state LOFO Local (0, OFF) state 
LON1 Local (1, ON) state LL2 Local Loop 2. Local (0011... , OFF) state 
Remote DTE Status (RDS) 
ro [ren row [oor we [x | 
RONX Remote (X, ON) state ROFO Remote (0, OFF) state 
ROFX Remote (X, OFF) state RL2 Remote Loop 2. Remote (0011..., OFF) 
state 


RON1 Remote (1, ON) state 
ROF1 Remote (1, OFF) state 


Synchronization Status (SYS) 





FSL Frame Sync Loss of the intermediate rate RSS __ Resynchronization Successful. The interme- 
receiver. At least three consecutive errone- diate rate receiver is synchronous. 
ous frames have been received. 


RSI Resynchronization Impossible. The interme- 
diate rate receiver has not achieved synchro- 
nization. 


S- and X-Bit Status (SXS) 





RS/RSA Received S (V110=0) or SA (V110 = 1) bit RX Received X bit 
RSB Received SB bit (V110 = 1) 


Ie 


E-Bit Status (ES) 


RE1-—7 Received E-bits 
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Receiver and RFIFO Status (RFS) 


HRD HDLC Receive Data in RFIFO RMER_ Receive Message End Reception 
URD  USART Receive Data in RFIFO RME Receive Message End 

HRFF HDLC Receive FIFO Full FER Framing Error 

URFF USART Receive FIFO Full PER Parity Error 


Transmitter and XFIFO Status (XFS) 


eo Tow Pore [ore Pou] x Tx Tx 
HXW HDLC Transmit FIFO Write enable UXFE USART Transmit FIFO Empty 


UXW  USART Transmit FIFO Write enable HXDU HDLC Transmit Data Underrun 
HXFE HDLC Transmit FIFO Empty 


Special Condition Status (SCS) 


oreo [ ow [ow [eo Pum [ve J 


HRFO HDLC Receive FIFO Overflow LC2 LCAR2 Character recognized from local DTE 
URFO USART Receive FIFO Overflow RC1 RCAR1 Character recognized from remote 
BRB Break Signal Begin oe 

BRE Break Signal End RC2 RCAR2 Character recognized from remote 


DTE/TA 
LC1 LCAR1 Character recognized from local DTE 


Status Register (STR) 
ow [os [ra [ice [row] mn [ove [ x 

CAC Command Accepted. Polling bit to monitor RCHR_ Receive Characters detected. Only stop bits 
the execution of HRR, HXR, URR, UXR, have been received from the DCE/DTE inter- 
SBK, HNT and TRA command face since the last acknowledgment (0) 

CIS Character Insertion Status. A character can RDB Receive Data Byte. Set after every eighth bit 
be inserted in the receive character stream in X.30/V.110 frame (P8,Q8,R8 or 
using INSC (1) D8,D16,D24. . .) 

RLA Receive Line Active. HDLC flags/messages OVS Overspeed. The local DTE/DCE is transmit- 
are being received (1) or not (0) ting characters at a rate exceeding the toler- 


IDLE Idle state on HDLC receive line. A row of at ae 


least fifteen ones has been detected since 
the last acknowledgment (1) 
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Receive HDLC Frame Status Byte 


feo [oo [me [= [> [= [om [oe 


RDO Receive Data Overflow RAB Receive Abort 
CRC CRC Check Correct (1) VB2-0 Valid bit count in the last byte received 
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Write Register 
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Mask Registers: 


Configuration Registers: 


con [ms [oe [ve [we [oe [own] oe [or 
» [s[ufelelele [ole 
vo [ow lowfoe [mT Te [eT 
won [Ps er ss res [as [ve 
we [ime empower [oD 
Gal ld al al 
Operational Parameter Registers: 

rs [ow Jom [om [om [wo [we [we [wo 
we [ise frm [rm [ow [rw [ow Pox Jose 
« [wl fol [w fe [w]o 


UMR 





Figure 16. ITAC Control Register Summary 


Am2110 


R/W 





Control Registers: 


LDR 


~ fel=[=[=[-[-[-[-] ™ 
«Pll >=[=[=[=]] 





Command Registers 


i: (ie eolmboal ates | « 
> foci 4 onl elt a) 4 


INSC R/W 


Constants and Special Character Registers 


Other Registers 


Figure 16. ITAC Control Register Summary (continued) 
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Mask Registers 
interrupt Status Mask Register (MASK) R/W 


A zero in abit of MASK inhibits the interrupt from the cor- 

responding bit position of the IST register. However the 

bit in IST will still indicate the status and thus masked in- 
terrupts may be polled. 


Receiver & RFIFO interrupt Status Mask Register 
(RFIM) R/W 


A zero in a bit of RFIM inhibits the status in IST being ac- 
tivated by the corresponding bit in RFS. However the bit 
in RFS will still indicate the status and thus may be 
polled. 


Configuration Registers 
General Configuration Register (GCR) R/W 


Transmitter & XFIFO Interrupt Status Mask 
Register (XFIM) R/W 


A zero in abit of XFIM inhibits the status in IST being ac- 
tivated by the corresponding bit in XFS. However the bit 
in XFS will still indicate the status and thus may be 
polled. 


ah Condition Interrupt Status Mask Register 
(SCIM) R/W 


Azero in abit of SCIM inhibits the status in IST being ac- 
tivated by the corresponding bit in SCS. However, the bit 
in SCS will still indicate the status and thus may be 
polled. 


Tm [owe [om [ore = [own] on [a 


PU Power-up. Forces the ITAC into power-up 
DOE DCE/DTE Interface Output Enable 

V24 X.21 (0) or non-X.21 (1) interface 

V110 Protocol according to X.30 (0) or V.110 (1) 
ASY  Async (1) or Sync (0) DCE/DTE interface 


Special Configuration Register (SCR) R/W 





TS5 —- Time Slot Select MSB. Used only for Syn- 
chronous Network Interface data rates 
greater than 2.048 Mbps 


DLL Double Last Look On. Receive status bit 
changes are mapped on DCE/DTE interface 
using double last look logic (1) 


LCS — Local Character Stop. Any character from 
DCE/DTE interface that matches LCAR1 or 
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ENFR- Enable Frame. When 0, the Synchronous 
Network Interface output is inactive and the 
receiver is idle 


DMA DMA mode (1) or not (0) 


DMH DMA mode for HDLC controller (1) or for 
USART (0) 


LCAR2 is stopped (1). Used for XON/XOFF 
flow control and Hayes protocol 


RCS Remote Character Stop. Any character from 
remote DTE/TA that matches RCAR1 or 
RCAR2 is stopped (1).Used for XON/XOFF 
flow control 


F56 Frame for 56 kbps. Bit 8 of a 64 kbps channel 
is filled with “1” (0), or with the pattern “OX 
$3 $4111 1” (1) 


Am2110 


Async interface Configuration Register (AICR) R/W 








CHLO—1 Character Length, excluding possible parity STP Stop bits. One (0) or two (1) stop bits per 
bit: character. 
TR Tolerance Range. Normal 12.5% (0) or ex- 
CHL1 CHLO Length tended 25% (1) tolerance range for local DTE 
overspeed. 

0 0 eight 
0 1 seven 
1 0 six 

1 1 five 


Data Path Configuration Register (DPCR) R/W 


roe [os iro se [oe [ve [ro 


RDCO-1 Receive Data Connect XDCO-1 Transmit Data Connect 
RDC1 RDCO XDC1 XDCO 
0 0 RxD is connected to 0 0 D-bits are equal to 
. register bit RD register bit XD 
0 1 RxDis connected to Serial 0 1. D-bits originate from Serial 
Communication Logic Communication Logic 

1 0 RxD is connected to D-bits | 0 D-bits originate from TxD 

RSC Receive S-bit Connect. Received S/SA, SB TL2 Test Loop 2 activation. 


bits are mapped on to DCE/DTE interface 


interchange circuits (1). TL3 Test Loop 3 activation. 


XSC Transmit S-bit Connect. Transmitted S/SA, 
SB bits originate from the microcontroller 
interface (0) or are mapped from DCE/DTE 
interface interchange circuits (1). 


HDLC Mode Register (HMR) R/W 


HRLC HDLC Receiver to Local DTE Connection. DTE interface and the USART Transmitter to 
The HDLC Receiver is connected to DCE/ network (1) or vice versa (0). 
DTE interface and the USART Receiver to 
network (1) or vice versa (0). HREN HDLC Receiver Enable. 


HXLC HDLC Transmitter to Local DTE Connection. HXEN HDLC Transmitter Enable. 
The HDLC Transmitter is connected to DCE/ HINV HDLC normal (0) or inverted (1). 
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TxD Async/Sync 


RxD ———_e~ - 


Sync/Async 
RDC1-0 


HXLC 


HDLX 





Figure 17. Serial Communication Logic 


USART Mode Register (UMR) R/W 


ASYC 
PTY 


UREN 
UXEN 
SCM 
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we] ono] [ro] = 


Asynchronous (1) or Synchronous (0) mode. PYO—1 Parity type. Used when PTY = 1. 


Parity. Hardware parity check/generation (1) 
or not (0). 


USART Receiver Enable. 
USART Transmitter Enable. 


Synchronous Communication Mode. Bisync 
(0) or Monosync (1). 


HRLC 


Serial Communication Logic 
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XDC1-—0 


IRC Xmit 
IRC Rev 


PY1 PYO Type 
0 0 0 
0 1 odd 
1 0 even 
1 1 1 


Operational Parameter Registers 
Bit Rate Select (BRS) R/W 





URO-3 User rate NRO-3 Network rate 
UR3 UR2 UR1 URO Rate, bps DTE TYPE 
ASY =1 ASY =0 
0 0 0 6) 300 Xx 
0 0 0 1 600 X Xx 
0 0 1 0 1200 x x 
0 0 1 1 2400 x x 
0 1 0 0 4800 Xx x 
0 1 0 1 9600 x x 
0 1 1 0 19200 Xx Xx 
0 1 1 1 38400 Xx x 
1 0 0 0 48000 Xx 
1 0 0 1 56000 x 
1 0 1 0 64000 x 
1 0 1 1 reserved 
1 1 x x reserved 
NR3 NR2 NR1 NRO Rate, bps 

0 0 0 x 600 

0 0 1 0 1200 

0 0 1 1 2400 

0 1 0 0 4800 

0 1 0 1 9600 

0 1 1 0 19200 

0 1 1 1 38400 

1 0 0 0 48000 

1 0 0 1 56000 

1 0 1 0 64000 

1 0 1 1 reserved 

1 1 Xx X reserved 


Time-Slot Register (TSR) R/W 


re [om [= Pm Pm [om [on [om 


TSO—4 Time Slot Select. Selects one 8-bit time slot ICSO-2 Intermediate Rate Channel Select. Position of 
out of a maximum of 32 or 64 (if TS5 is used) the first bit of intermediate rate channel inside 
on the Synchronous Network Interface. the 8-bit time slot. 


Number of Retry Frames Register (NRF) R/W 


Determines the number of intermediate rate frames af- resynchronization is attempted. If synchronism is not 
ter initial Frame Sync Loss (FSL) status, during which achieved within NRF frames, a RSI status is generated. 
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Control Registers 
Local DTE Control Register (LDR) R/W 


DCD/I State of DCD/I interchange circuit. RD Value of RxD. 
DSR State of DSR interchange circuit. MO1-2 State of Multifunctional Output 1-2. 
CTS _ State of CTS interchange circuit. 


Remote DTE Control Register (RDR) R/W 


wof= fe fete? e[- 


XS/XSA Value of Transmitted S/SA bit. XX Value of Transmitted X-bit. 
XSB Value of Transmitted SB-bit. XD Value of Transmitted D-bit. 


Transmitted E-bit Register (XER) R/W 


pee bep= Tepe bels 


Value of transmitted E-bits in intermediate rate frame. 


Command Registers 
HDLC Controller Command Register (HCC) W 


[wom | wor [ove [wove | o | o | 0 fo 


HRR  WHODLC Receiver Reset. XME __ Transmit Message End. 
HXR ~~ HDLC Transmitter Reset. HDMS DMA Start for HDLC Transmitter. 


USART Controller Command Register (UCC) W 


om [ow [> Yow [oo Por Tm] = 


URR  USART Receiver Reset. HNT Set Hunt Mode. Forces the USART to search 


UXR —_ USART Transmitter Reset. i a character(s) before starting to store 


UDMS DMA Start for USART Transmitter. TRA _ Set Transparent Mode. Enables the USART 
SBK Set Break. Forces the USART output to zero to store receive data without regard for octet 
(start polarity) regardless of any data being synchronization. 
transmitted at the time. 
Character Insert Register (INSC) R/W 
The character written in this register is inserted in the Received characters are not disturbed. The register 
received character stream at the next opportunity. may be written when CIS status bit is equal to “1.” 
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Constants and Special Character Registers 


Synchronization Character Register (SYN) Remote Characters 1 and 2 (RCAR1, RCAR2) 

in the hunt phase, the receiver searches for one Characters from the remote DTE/TA are compared with 
(monosync) or two (bisync) characters before storing RCAR1 and RCAR2. Upon a match, an interrupt status 
data. may be generated, and the character is optionally 


stopped. Used for XON/XOFF flow control. 
Local Characters 1 and 2 (LCAR1, LCAR2) 
Characters from the DCE/DTE interface are compared 
with LCAR1 and LCAR2. Upon a match, an interrupt 
status may be generated, and the character is optionally 
stopped. Used for Hayes protoco! and for XON/XOFF 
flow control. 


Other Registers 
Test Register (TEST) W 


Lecce nt OM 
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ABSOLUTE MAXIMUM RATINGS 


Ambient temperature under bias ....... 0 to +70°C 
Storage temperature ............. —65 to +125° C 

Voltage on any pin 
with respect to ground ...... —0.4 to Voo +0.4 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range 


Ta = 0 to +70°C; Von = 5 V +5%, Vss = 0 V. 


OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (Ta) .......... 0° to +70°C 
Operating Von ................ 4.75 V to 5.25 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


Table 11. DC Characteristics 


Uu 



















Symbol Parameter Min. Max. Unit Test Condition 

Viv Input low voltage —0.4 0.8 

Vin Input high voltage * 2.0 Vop + 0.4 

Vor Output low voltage 

Vou h voltag “4 

Von ; lou = —200 pA 

lec swer operational mA Voo = -5.V, CLK = 4 MHz 
supply Inputs at 0 V/Vop 
Current power down mA No output loads 

lu Input leakage current 0V <Viw< Vpn to0 V 

+10 pA 
lo Output leakage current 0 V < Vour < Vopto 0 V 
Capacitances 


Ta = 25°C, Von = 5 V+ 5%, Vss = 0 V. 


Table 12. DC Capacitances 


Limit Values 
Symbol Parameter Min. Max. Unit Test Condition 

All CIN Input capacitance 7 pF 

pins ClO /O capacitance 7 pF 
except 
SR1,2 
XTAL1,2 

XTAL1,2 CLD Load capacitance 50 pF 
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External 


XTAL1 Oscillator XTAL1 
Signal 
CLD 


XTAL2 NC XTAL2 
CLD 


Crystal Oscillator Mode Driving from External Source 


Figure 18. Recommended Oscillator Circuits 
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SWITCHING CHARACTERISTICS over operating range 
Ta = Oto +70°C, Von = 5 V 45% 

Inputs are driven to 2.4 V for a logical “1” and to 0.4 V for 
a logical “O”. Timing measurements are made at 2.0 V 


for logical “1” and at 0.8 V for a logical ’0”. The AC testing 
input/output waveforms are shown in Figure 19. 





Figure 19. Input/Output Waveform for AC Tests 


Clock 


4.0V 


1.0V 


twe 


te 


Figure 20. Definition of XTAL1 Period with Width 


XTAL1,2 










Table 13. XTAL1,2 Characteristics 


Min. Typ. Max. .... & U 





Symbol Description 
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Figure 21. Microcontroller Read Cycle 
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Figure 22. Microcontroller Write Cycle 
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Table 14. Microcontroller Interface Timing 












Description 







taw ALE pulse width 50 

tas Address setup time to ALE 20 

tan Address hold time from ALE 10 

thw RD pulse width 110 

tooo Data output delay from RD ns 
tooz putpyt data high impeda e ns 
tra RD control interval | ns 
tww } 60 ns 
tos a 35 ns 
ton ‘bole ‘ 10 ns 
tw WA cont?él interval 70 ns 
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toma 


DMR 


ton 
DACKO 
tar tar tra 
RD 
tor 
tao 


ADO-AD7 (| DATA |) 


a. DMA Read 


toma 


DMR 


tin 





taw tww twa 


3 


tow two 


b. DMA Write 


Figure 23. DMA Cycle 
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Table 15. DMA Characteristics 


Symbol Description Min. Max. Unit Condition 
tou DMDR hold time 60 ns 
tan Address stable before RD 0 ns 
tro Data delay from RD 150 ns 
tor Output floating delay 20 ns 
tra Address hold after RD 0 ns 
tar RD pulse width 150 ns 











ty DMIR hold time 80 ns 
taw Address stable before WR 0 ns 
twa Address hold after WR 0 
tow Data setup to WR 30 
two Data hold after WR 25 


WR pulse width 


Condition 







Description 
CLK period i 
tw CLK high 

CLK low 






ns 


Figure 24. Definition of CLK Period and Width 
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Figure 25. Synchronous Network Interface Timing 





Table 17. Synchronous Network Interface Timing 





Symbol Description Min. Max. Unit Condition 





tes FSC setup time 40 ns 
ten FSC hold time 40 ns 
tewa FSC high width 







tozp SDX from high impedance 
to active from CLK 







topo 
tonz 





tove SDX from high impedance 100 ns 
to active from FSC (Note) 


tios SDR setup time 20 ns 
tion SDR hold time 40 ns 





Note: This delay from FSC applies only when FSC repetition period is less than 512 bits, time slot 0 has been programmed, and 
CLK precedes FSC. 
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PHYSICAL DIMENSIONS 


PD 040 





580 
.015 620 
060 
40 o° 
25 Y aro .008 
aa 15 015 
are | a 
125 014 
"160 023 


06823B 


PL 044 


009 
.015 





06752E 
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Am2160 Advanced 


Micro 
Audio Ringing Codec Filter (ARCOFI) Devices 
DISTINCTIVE CHARACTERISTICS 
@ Applications in digital terminal equipment @ Dual analog inputs for handset and “handsfree” 
including a voice path microphones plus an auxiliary differential analog 


t 
Low power CMOS technology ssa 


H Two sets of differential outputs for a handset 


@ Test and maintenance loopbacks in the analog earpiece and loudspeaker 


front end and the digital processor 
@ Power dissipation: 


T™ af: 
SLD or |IOM™ Rev. 2 serial interface bus ~ active 150 mW 
Flexible Peripheral Control Interface (PC!) — standby 10 mW 
CODEC filter ™ Temperature range: —25 to +70°C 


mM Packages: 24-pin DIP 
28-pin PLCC 


DTMF, tone and ringing generators 


Separate output for a piezo ringer 


BLOCK DIAGRAM 








ARCOFI Block Diagram ARCOF! 
Analog Front End ARCOFI Signal Processor Digital Interface 
AFE ADI 





ASP 













Digital Signal 


Peripheral Control 
Processor 


Interface 


LD 
rface 






11 DD 
M12 SIP/DU 


16 CLK/DCL 
5 FCS 





| Timing 
| Control 


S 
Inte 


GND Vs GND Vis Reset 


Publication # 11153 Rev. B Amendment /0 
Issue Date: March 1989 
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GENERAL DESCRIPTION 


The Am2160 Audio Ringing Codec Filter (ARCOFI) pro- 
vides the subscriber with an optimized audio, ringing, 
codec filter processor solution for a digital telephone. 
The ARCOF| fulfills all necessary requirements for the 
completion of a low cost digital telephone. Full featured 
applications including handsfree telephone are included 
by the addition of a voice switched speakerphone cir- 
cuit. The ARCOFI performs all coding, decoding, and 
filtering functions according to CCITT and AT&T norms. 


CONNECTION DIAGRAMS 
Top View 


24-Pin DIP 


The ARCOFI integrates a DTMF generator in the trans- 
mit direction and a tone generator plus a ringing genera- 
tor in the receive path. The interfacing to a handset 
mouth and earpiece is facilitated by a flexible analog 
front end. A loudspeaker output has also been inte- 
grated on chip as well as a Secondary input for a hands- 
free microphone. The microphone analog gains is user 
programmable under microprocessor control. 


28-Pin PLCC 





Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2160 P Cc B 


| er e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P =24-Pin DIP (PD 024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2160 
Audio Ringing Codec Filter (ARCOF1) 


Valid Combinations 





AM2160 PC, PCB, JC, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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HSCC High-Level Serial Communications Controller Devices 


DISTINCTIVE CHARACTERISTICS 


mM Two independent HDLC channels m@ Telecom-specific features programmable 
= implementation of X.25 LAPB/LAPD protocol M@ 8-bit parallel microprocessor interface 
m@ Programmable timeout and retry conditions m@ Advanced CMOS technology 
m@ FIFO buffers for efficient transfer of data m@ Low power consumption; 

packets active: 25 mW at 4 MHz 
™ Digital phase locked loop for each channel Standby: 3mW 
mM Baud rate generator and oscillator mM Package: 28-Pin Plastic or 28-Pin Plastic 

Leaded Chip Carrier 

m@ Different modes for clock recovery and data : 

encoding m@ Operating temperature 0 to +70°C 
m High-speed data rate (up to 4 MHz) @ Industrial: operating temperature —40 to +85°C 
m@ Supports bus configuration by collision 

resolution 
BLOCK DIAGRAM 

CHANNEL A 


MODE 
STATUS CONTROLLER CONTROLLER 
>| TRANSMIT 
FIFO = 


<LI 











DECODER at 

a COLLISION TxDA 
DETECTION RTSA 

DATA CTSA/CxDA 


LINK 
CONTROLLER 



















8 BIT 
ADDRESS/DATA 
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DISTINCTIVE CHARACTERISTICS (continued) 
Support of Layer 2 Functions by HSCC 


“Low-level” HDLC devices usually support various 
protocols. When applying the HDLC protocol, mainly 
bit-oriented functions such as bit stuffing, CRC check, 
flag, and address recognition are performed. The 
Am82520 has been especially designed to support the 
ISO HDLC protocol. In addition to the bit-oriented 
functions, the device provides a high degree of 
procedural support by evaluating the layer 2 control 
field. In this way the communications procedures are 
processed between the communications controllers 
and not between the processors. As a result, procedure 
handshaking is minimized. The processor, however, is 
informed of the status of the procedure. The dynamic 
load of the processor is thus largely reduced. To 
maintain cost effectiveness and flexibility, not all layer 2 
functions have been implemented in hardware. Instead, 
functions such as connection setup, cleardown, and 
error recovery errors are performed by the processor 
software. 


Operating Modes 

The distribution of functions between the HSCC and 
CPU applies to the auto mode. As a prerequisite for this 
operating mode, the window size has been limited to 1. 
Alternatively, transparent modes can be applied where 
the data field as well as the layer 2 headers are 
forwarded directly to the CPU. In these modes of 
operation the reception and transmission of messages 
is fully controlled by the CPU. This operating mode is 
selected when the component is used as a central 
station (master) or in the case where the window size is 
larger than 1. Furthermore, there is a possibility of 
bypassing the receiver and having direct access to the 
received data. 


GENERAL DESCRIPTION 


The Am82520, High-Level Serial Communications 
Controller (HSCC), has been designed to free the user 
from tasks occurring in communication with networks 
and trunk lines. It is an X.25 LAPB/LAPD controller 
which to a large degree performs communication 
procedures independent of CPU support. 


A parallel processor bus constitutes the microprocessor 
system. The serial communications interface consists 
of two full-duplex HDLC channels that can be operated 
independently from one another. The HSCC is 
connected to the transmission line by additional line 


Am82520 


FIFO Buffers for Efficient Transfer of Data 
Packets 

Another feature of the Am82520 can be seen in the 
buffers that are used for temporary storage of data 
packets which are transferred between the serial 
communication interface and the parallel system bus. 
Due to the overlapping input/output operation (dual-port 
behavior), the maximum length of the data packets is 
not limited by the buffer size. The dynamic load of the 
processor is reduced by transferring the data packets 
biock by biock. 


Each channel on the HSCC incorporates a 64-byte 
FIFO buffer per direction. Each FIFO is divided into two 
memory pools of 32 bytes each. When a pool is filled 
(receive mode) or emptied (transmit mode) via the serial 
interface, the HSCC switches pools and the processor 
is prompted via an interrupt to read or write this pool. 
Subsequently, the second pool is filled or emptied. 
During this time the CPU can transfer the first block, 
ensuring availability of the pool. With a serial transfer 
rate of 1 Mbps, the reaction time between the first 
prompting and data overflow without loss of data is 256 
us. In addition, the transmit FIFO provides the flexibility 
for temporarily storing blocks of various lengths, which 
can then be transmitted in rapid succession. The 
receive FIFO can also store a data packet when a 
preceding short data packet (32 bytes) stored in the 
FIFO has not yet been read by the processor. 


The HSCC is especially suitable for cost-critical 
applications with single-chip processors due to its 
memory organization and on-chip memory control. 


Move string commands can be used in_ high- 
performance applications where fast data rates at the 
communication interface and a high level of processor 
performance is required. The FIFO contents can then 
by addressed by automatically incrementing the 
address. 


drivers or modems. The need for external hardware is 
reduced because of added functions on-chip. The 
functions incorporated include an oscillator, DPLL (one 
per channel), programmable baud rate generator, and 
time slot assigner. 


The chip contains a serial interface for two channels 
including a DPLL and collision-detection block, a data- 
link controller, and FIFO buffers. The microprocessor 
interface, including the status and command registers, 
is used for both channels. The HSCC is implemented in 
a 2 micron CMOS technology. 
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CONNECTION DIAGRAMS 
Top View 


28-Pin DIP 


RxCLK A 
RxCLK B 
TxCLK A 
TxCLK B 





28-Pin PLCC 


13 14 15 16 17 





Note: Pin 1 is marked for orientation 
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LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM82520 J Cc B 
—_— e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0° to +70°C) 


c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PL 028) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am82520 
High-Level Serial Communications Controller (HSCC) 


Valid Combinations 
Valid Combinations Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
AM82520 sales office to confirm availability of specific valid 
PCB, JCB combinations, to check on newly released valid combinations, 


and to obtain additional data on AMD’s standard military grade 
products. 
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PIN DESCRIPTION 


ADO-AD7 

Address Data Bus (Input, Output) 

The multiplexed address data bus transfers data and 
commands between the microprocessor and the 
HSCC. 


ALE 

Address Latch Enable (Input) 

A High on this line indicates an address on the external 
address data bus, selecting one of the HSCC’s internal 
sources or destinations. 


Chip Select (Input) 
A Low on this signal selects the HSCC for a read/write 
operation. 


CTSA/CxDA, CTSB/CxDB 

Clear to Send/Collision Data (Input) 

A Low on these inputs enables the respective 
transmitter. If the transmitters are always enabled, CTS 
should be connected to V.,. In a bus configuration the 
external serial bus must be connected to the respective 
C x D pin. 


INT 

Interrupt Request (Output) 

This Signal is activated when the HSCC reqeusts an 
interrupt. It is an open-drain output. 


Read (Input) 
This signal indicates a read operation. 


RES 

Reset (Input) 

A High on this input forces the HSCC into the reset 
state. The HSCC is in power-down mode during reset 
and in power-up mode after reset. The minimum pulse 
length is 1.8 ps. 


RTSA, RTSB 

Request to Send (Output) 

When the RTS bit in Mode is set, the RTS signal goes 
Low. When the RTS bit is reset, the signal goes HIGH if 
the transmitter has finished and there is no further 
request for a transmission. In a bus configuration, RTS 
goes Low during the actual transmission of a frame 
shifted by a clock period, excluding collison bits. 
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RxCLKB, RxCLKA 

Receive Clock (input) 

These pins can be programmed in several 
different modes of operation. In each channel RxCLK 
may supply the receive clock, the receive and transmit 
Clock, the clock for the baud rate generator, or the clock 
for the DPLL. They also can be programmed for use as 
a crystal oscillator. 


RxDA, RxDB 

Receive Data (Input) 

These input lines receive serial data at standard TTL or 
CMOS levels. 


TxDA, TxDB 

Transmit Data (Output) 

These output lines receive serial data at standard TTL 
or CMOS levels. They can be programmed as push-pull 
or open-drain outputs. 


TxCLKB, TxCLKA 

Transmit Clock (Input/Output) 

These pins can be programmed in several different 
modes of operation. TxCLK may supply the transmit 
clock for the respective channel, a receive strobe signal 
(TxCLKA) and a transmit strobe signal (TxCLKB) or a 
frame synchronization signal (TxCLKA, clock mode 5). 
Programmed as outputs, TxCLK may be used to supply 
the transmit clock fo the respective channel or as a 
tristate signal, indicating the programmed transmit time 
slot (TxCLKB, clock mode 5). 


V 
Power 
+5 V power supply. 


V 
Ground (0 V) 


WR 
Write (Input) 
This signal indicates a write operation. 
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APPLICATIONS 

In a point-to-multipoint or multimaster configuration, the 
HSCC can be used as a central station (master) or a 
peripheral station. As a peripheral station the HSCC can 
initiate the transmission of data. An internal function 
block provides for collision avoidance, which may occur 
if several stations start the transmitting simultaneously. 


In a special operating mode the HSCC can transmit or 
receive data packets in programmable time slots. This 
makes the Am82520 especially suitable for applications 
in systems designed for packet switching and digital 
PABX applications. In the digital PABX application in 
particular, the integrated collision-resolution 
mechanism provides an optimal utilization of internal 
PCM paths. 


Serial Interface 

The serial interface provides two independent, high- 
performance communication interfaces. As already 
mentioned, the ISO HDLC layer 2 protocol is supported 
by the HSCC. In addition, layer 1 functions are provided 
by means of on-chip circuits. Eight different operating 
modes can be selected to clock the serial data stream. 


FELL LEE LES SE 


Am82520 


COMBINED 
STATION 


CPU 


ee ee ee ee ee 
WEABBUBRABABALEALLAUALAS 


In the power-down mode, all internal clocks as well as 
the oscillator circuitry are disabled. 


= During the self-clocked operating mode, the transmit 
clock is recovered from the received data stream by 
means of an external crystal only. The on-chip DPLL 
samples the received bit stream and adjusts the 
clock edge to the center of the data bit. 


=» The bit stream is synchronized in the externally 


clocked operation mode by external clock signals. 
On the whole, four different clock signals separated 
by direction and channel, can be forwarded. 


® In addition to the data clock, an externally supplied 


strobe signal can be applied to determine the time 
period during which data is to be received or 
transmitted. Using another operating mode, a time 
slot (up to 64) can be programmed for transmitting 
data and another time slot for receiving data. One 
time slot consists of eight clock cycles. 


# With the point-to-multipoint configuration, comprising 
a central station (master) and several peripheral 
stations (slaves), data transmission can be initiated 


fILLELELEELTS 
Am82520 
COMBINED 
STATION 


CPU 


BRWBWABRABAABABABRBLABLAY 
WARAABAARABAAAAAAAAAS 


FHF LF PPLE FFL LE Fs 


Figure 1. Point-to-Point Configuration 


MASTER 


SLAVE SLAVE SLAVE SLAVE 


Figure 2. Point-to-Multipoint Configuration 
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Am82520 


by a slave. If several stations (slaves) transmit data’) = The maximum data rate of the externally clocked 


simultaneously, the bus is assigned to one station by operating mode is 4 Mbps. In the self-clocked 
a collision-resolution procedure implemented by the operating mode with an external reference clock or 
HSCC. The bus assignment functions in accordance crystal oscillator where the maximum clock rate is 12 
with the principle applied with the ISDN S interface. MHz, the maximum data rate will be 750 Kbps. 


Its collision-resolution procedure helps to ensure a 
sharing of priority among the slave stations. 


STATION 1 STATION 2 


STATION 3 STATION 4 





STATION(n-1) STATION n 


Figure 3. Multimaster Configuration 
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Absolute Maximum Ratings 


Storage temperature (T,,_) —65°C to +125°C 
Operating temperature: Am82520 (T,) 0°C to +70°C 
Voltage at any pin vs. ground (V) -0.4V,,+0.4V 

DC CHARACTERISTICS 

Am82520: T, =0to +70°C; V,, =5 V+ 10%; V,, = GND =0V 





Min. 








Test Conditions 





Parameter 











Input Low voltage 
Input High voltage 
Output Low voltage 
Output High voltage 








Input leakage 


current +10 LA 







Output leakage 
current loi. 






‘ON ~10 +10 uA 








Vop Supply current 
Inactive 
Active 
top = 4 MHz 
Inputs at V5 /V,_ 
No output loads 





CAPACITANCE 
T, = +25°C; V,, = GND =0V 
Parameter Test Conditions Min. Typ. Max. Unit 
Input capacitance Cn f, = 1 MHz 5 10 pF 
Input/output capacitance C,, 10 20 pF 
Output capacitance Cour Unmeasured pins 8 15 pF 
returned to GND 
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MICROPROCESSOR INTERFACE TIMING 


ALE 





Figure 4. Read Cycle 








Figure 5. Write Cycle 
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Read Cycle 
Parameter 


Address hold after ALELow t,, 
Address to ALE Low setup 





RD pulse width 
Output float delay 
RD control interval 








ALE pulse width 


Write Cycle 


| Parameter 


t 
Data delay from RD Low te. 

t 

t 


WR pulse width 


Data setup to WR High... 
Data hold after WR Hi 
WR control interval _ 
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R CLOCK 


RxDA/B 


X CLOCK 


TxDA/B 
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Serial Interface Timing 
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ns 
ns 
ns 
ns 


pt-pvBUS, 
TIMING MODE 1 


BUS, 
TIMING MODE 2 


pt-pvBUS, 
TIMING MODE 1 


BUS, 
TIMING MODE 2 


SWITCHING CHARACTERISTICS 
Am82520: —- T, = 0 to +70°C; V,, = 5 V + 10%; Ve, = GND = 0 V 
T, =—40 to +85° C; V,, = 5 V+5%; Veg = GND = 0V 







Parameter Min. Max. Unit 
Receive data setup Ling 5 ns 
Receive data hold Le 30 fis 
Collision data setup tenes AY s 


Collision data hold 
Transmit data 


SES Hane, FRY D2 
Clock period © ~ fie 240 ns 
Clock period LOW foe 90 ns 
Clock period HIGH 


_ a 
TxCLKA 


lopy 100 ns 


TxCLKB t 
TOD! 





TxCLKB Bus Timing 
Mode 2 
t 
Tees ‘cpa 
Se 
Figure 7. Clock Mode 5 









Parameter 


Sync pulse start early * 
Sync pulse start late ** 










Sync pulse W ns 
Time-slot cor - ns 
Time-slot cont lay 30 120 ns 





* If syne pulse starts before_M edge of RxCLK AJB first bit transmitted occurs on _% edge of RxCLK AB. 
** If sync pulse occurs after _% edge of RxCLK AVB first bit transmitted occurs on _% edge of sync pulse. 
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RxCLK A/B 





TxCLK A 
TxCLK B 
Figure 8. Clock Mode 1 


Parameter Min. Max. Unit 









Receive strobe delay 
Receive strobe setup 
Receive strobe hold 
Transmit strob del 
Transmit strob Se 
Transmit strobe hold 


2.4 







TEST POINTS 
0.45 


Figure 9. Test Points 





ae C= 150 pF 
Figure 10. Load Circuit 


AC Testing 
Inputs are driven at 2.4 V for logical ‘1’ and 0.45 V for logical ‘0’. 
Timing measurements are made at 2.0V for logical ‘1’ and at 0.8 V for logical ‘0’. 
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PHYSICAL DIMENSIONS . 


PD 028 


530 
580 


.045 


045 005 
065 MAX. 
1.440 pas 
ee gag ee Ae 620 
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ane 008 0° 
225 015 a 
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PHYSICAL DIMENSIONS (continued) 


PLCC 028 


SPO" 
Y ceo 
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| Amendment —_| 7 cl 


Am82520 Advanced 


Micro 
High-Level Serial Communication Controller (HSCC) Devices 


INTERFRAME TIME FILL 


The HSCC B1 version transmits multiple eight-bit flag | Compared to the B1 version the A4 version transmits 
sequences (non-shared zero) according to CCITT X.25 _ flags with shared zeros. 

recommendation when flags are selected as interframe 

time fill in the CCR register (see Figure 1). 


7 0 
Format: poate ielonetgsienmarinn 


Idle | .191919111911111111... 

Flags 1: ...011111100111111001111110... 
non-shared 
zero flag 


Figure 1. Interframe Time Fill of HSCC B1 


HDLC MULTIPLE FRAME OPERATION MODE 

In addition to Modulo 8, the HSCC version B1 supports | Modulo 8 or 128 operation can be selected by means of 
Modulo 128 operation in all message transfer modes, the MCS-bit in Register RAH2. The affected registers 
according to the HDLC protocol. are listed below. 

RAH2 - Receive Address Byte High Register 2 - (Write) 

Address: 37H 


Fé 0 


roma: L_. . RL AH 2, [mcs[o 


This document contains information on a product under development at Advanced Micro Devices, Inc. Publication # Rev. Amendment 
The information is intended to help you to evaluate this product. AMD reserves the right to change or 11138 B ‘A 
discontinue work on this proposed product without notice. Issue Date: May 1989 
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Bit Name Description 


RAH2 HDLC Receive Address Byte High 
bit 7-2 Value of the second individually programmable HDLC address byte, in ISDN applications 
(LAPD) the Service Access Point Identifier (SAP). 


MCS Modulo Count Select - (valid in auto mode only) 


The MCS bit determines the control field format according to HDLC (ISDN/LAPD). 
0—> basic operation (modulo 8) 
1—> extended operation (modulo 128) 


When modulo 128 is selected, in auto mode the “RHCR” register contains compressed 
information of the extended control field (see RHCR, register description). 





RHCR - Receive HDLC Control Register - (Read) 


Address: 39H 
RHCR 
Bit Name Description 


bit 0-7 Value of the received HDLC control field 
bit 7-0 When modulo 128 is selected (MCS-bit of RAH2) in auto mode, the RHCR register 
contains compressed information of the extended control field, making it similar to a 
modulo 8 control field. Bit 0 of the RHCR register has the following meaning: 
O—> anl-frame has been received 
1—> a U-frame has been received 
(S-frames will be handled autonomously by the HSCC). 


When message transfer modes other than the auto mode are used and a HDLC protocol is 
used with modulo 128, then the first octet of the extended control field is available in the 
RHCR register. The second octet is available in the RFIFO in accordance with the 
message transfer mode. 


In extended transparent mode 0 (no address recognition) RHCR contains the second byte 
of a received frame after the opening flag. 





SELF CLOCKED OPERATING MODE 


In the self clocked operating mode with an external reference clock or a crystal oscillator, the maximum clock rate 
depends on the value of the baud rate division factor bit (BDF/TCR). 


Division Max. Clock Max. Data 
Factor Rate (MHz) Rate (kHz) 
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Z85C30 


Enhanced Serial Communications Controller 


DISTINCTIVE CHARACTERISTICS 
m Fastest Data Rate of any 28530 

— 8.192 MHz / 2.048 Mb/s 

— 10MHz/2.5 Mb/s 

— 12.5 MHz/3 Mb/s 

— 16.384 MHz / 4.096 Mb/s 

— 20 MHz/5 Mb/s (prelim) 


m Low Power CMOS Technology 


@ Pin and Function Compatible with other NMOS 
and CMOS Z28530s 
m Easily interfaced with most CPUs 
Compatible with non-multiplexed bus 
m Many Enhancements over NMOS Z8530H 
— Allows 85C30 to be used more effectively in 
high-speed applications 
— Improves interface capabilities 


BLOCK DIAGRAM 


Internal Channel 
Control A 
Logic Register 
Control B 
Logic Registers 


Interrupt 
Control 


Interrupt 
Lines 


t f 


+5 V GND - 






Advanced 
Micro 
Devices 


m Two Independent Full-duplex Serial Channels 


mw Asynchronous Mode Features 
— Programmable stop bits, clock factor, character 
length and parity 
— Break detection/generation 
— Error detection for framing, overrun and parity 


@ Synchronous Mode Features 
— Supports IBM BISYNC, SDLC, SDLC Loop, 
HDLC and ADCCP Protocols 
— Programmable CRC generators and checkers 
— SDLC/HDLC support includes frame control, 
zero insertion and deletion, abort, and 
residue handling 


Baud 
Rate 
Generator 






10x19 Bit 
Frame 


Status 
FIFO D+- 
Control Hy 
Logic 
Channel A a 
Channel B 








10216A-001A 
-BD008260 


Publication # 10216 Rev. B Amendment /o 
issue Date: May 1989 
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DISTINCTIVE CHARACTERISTICS (continued) 


m™ Enhanced SCC functions support high-speed 

frame reception using DMA 

— 14-bit byte counter 

— 10x19 SDLC/HDLC Frame Status FIFO 

— Independent Control on both channels 

— Enhanced operation does not allow special 
receive conditions to lock the three-byte DATA 
FIFO when the 10 x 19 FIFO is enabled 


m Local Loopback and Auto Echo Modes 
@ Internal or External Character Synchronization 


GENERAL DESCRIPTION 


AMD’s Z85C30 is an enhanced pin-compatible version 
of the popular Z8530/Z85C30 Serial Communications 
Controller. The Enhanced Serial Communications Con- 
troller (ESCC) is a high-speed, low-power, multi-protocol 
communications peripheral designed for use with 8- and 
16-bit microprocessors. It has two independent, full du- 
plex channels and functions as a serial-to-parallel, paral- 
lel-to-serial converter/controller. AMD’s proprietary en- 
hancements make the Z85C30 easier to interface and 
more effective in high-speed applications due to a re- 
duction in software burden and the elimination of the 
need for some external glue logic. 


The Z85C30 is easy to use due to a variety of sophisti- 
cated internal functions, including on-chip baud rate gen- 
erators, digital phase-locked loops and crystal oscillators 
which dramatically reduce the need for external logic. 
The device can generate and check CRC codes in any 
SYNC mode, and can be programmed to check data in- 
tegrity in various modes. The ESCC also has facilities for 
modem controls in both channels. In applications where 
these controls are not needed, the modem controls can 
be used for general-purpose I/O. 


This versatile device supports virtually any serial data 
transfer application such as networks, modems, cas- 
settes and tape drivers. The ESCC is designed for non- 
multiplexed buses and is easily interfaced with most 
CPUs, such as 80188, 80186, 80286, 8080, Z80, 6800, 
68000 and MULTIBUS. 


Enhancements which allow the Z85C30 to be used more 
effectively in high-speed applications include: 


m@ a10x 19 bit SDLC/HDLC frame status FIFO array 
m a14-bit SDLC/HDLC frame byte counter 


m 2 Mb/s FM Encoding Transmit and Receive 
capability using Internal DPLL for 16.384-MHz 
product 

w Internal Synchronization between RxC to PCLK 
and TxC to PCLK 

This allows the user to eliminate external 
sychronization hardware required by the NMOS 
device when transmitting or receiving data at the 
maximum rate of 1/4 PCLK frequency. 


@ automatic SDLC/HDLC opening frame flag 
transmission 


@ TxD pin forced HIGH in SDLC NRZI mode after 
closing flag 


™ automatic SDLC/HDLC Tx underrun/EOM flag reset 

® automatic SDLC/HDLC Tx CRC generator 
reset/preset 

m RTS synchronization to closing SDLC/HDLC flag 

mw DTR/REQ deactivation delay significantly reduced 


m™ external PCLK to RxC or TxC synchronization 
requirement eliminated for PCLK divide-by-four 
operation 


Other enhancements to improve the Z85C30 interface 
capabilities include: 


™ write data valid setup time to falling edge of WR 
requirement eliminated 

™ reduced INT response time 

m reduced access recovery time (trc) to 3 PCLK best 
case (3 1/2 PCLK worst case) 

@ improved Wait timing 

@ write registers WR3, WR4, WR5, and WR10 made 
readable 

w lower priority interrupt masking without INTACK 

™ complete SDLC/HDLC CRC character reception 





RELATED AMD PRODUCTS 

Part No. Description Part No. Description 

Am7960 Coded Data Transceiver Am9517A DMA Controller 

80186 Highly Integrated 16-Bit 5380, 53C80 SCSI Bus Controller 
Microprocessor 80188 Highly Integrated 8-Bit 

80286, 80C286 High-Performance 16-Bit Microprocessor 
Microprocessor 
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CONNECTION DIAGRAMS 
Top View 
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LOGIC SYMBOL 


Data A- 
Bus \e~ Serial 


4 Data 


Bus Timing 
and Reset 


Channel 
Clocks 
UNA >) Channel 
__WREQA|—— | Controls 
DTR/REQA|—— | for 
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DMA, or 
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ORDERING INFORMATION 
Commodity Products 


AMD commodity products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


10 P Cc 
ae e. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 


C = Commercial (0 to +70°C) 


Z85C30 - 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


b. SPEED OPTION 


—8 = 8.192 MHz 

-—10 = 10 MHz 

—12 = 12.5 MHz 

-16 = 16.384 MHz 
—20 = 20 MHz (prelim) 


a. DEVICE NUMBER/DESCRIPTION 
Z85C30 
Enhanced Serial Communications Controller 


: eas | Valid Combinations 
Valid Combinations aie ; 
| Valid Combinations list configurations planned to 


Z85C30-8 be supported in volume for this device. Consult 
785C30-10 PC, DC, JC the local AMD sales office to confirm availability of 
785C30-12 DCB specific valid combinations, to check on newly 
785C30-16 released combinations, and to obtain additional 
285C30-20 (prelim) data on AMD’s standard military grade products. 
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ORDERING INFORMATION 
Industrial Products 


AMD industrial products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


Z85C30 —10 


B 
| aoe e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
D = 40-Pin Ceramic DIP (CD 040) 
L = 44-Pin Leadless Chip Carrier (CL 044) 


b. SPEED OPTION 


—8 = 8.192 MHz 

-10 = 10 MHz 

-—12 = 12.5 MHz 
a. DEVICE NUMBER/DESCRIPTION —~16 = 16.384 MHz 


Z85C30 
Enhanced Serial Communications Controller 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Valid Combinations 


Z85C30-8 
Z85C30-10 
Z85C30-12 
Z285C30-16 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. 
APL (Approved Products List) products are fully compliant with MIL-STD-883C requirements. The ordering 
number (Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Device Class 

d. Package Type 

e. Lead Finish 


Z85C30 -10 B U A 
| eee e. LEAD FINISH 

A = Hot Solder Dip 

d. PACKAGE TYPE 
U = Leadless Chip Carrier (CL 044) 
Q = Ceramic Dip (CD 040) 

c. DEVICE CLASS 
/B = Class B 

b. SPEED OPTION 

-8 = 8.192 MHz 
-~10 = 10 MHz 
-—12 = 12.5 MHz 
a. DEVICE NUMBER/DESCRIPTION ~16 = 16.384 MHz 
Z85C30 


Enhanced Serial Communications Controller 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Valid Combinations 


Z85C30-8 

Z85C30-10 

Z85C30-12 BQA, BUA 
Z85C30-16 | 
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PIN DESCRIPTION 

Bus Timing and Reset 

RD 

Read (Input; Active LOW) 

This signal indicates a read operation and, when the 
SCC is selected, enables the SCC’s bus drivers. During 
the Interrupt Acknowledge cycle, this signal gates the in- 


terrupt vector onto the bus if the SCC is the highest prior- 
ity device requesting an interrupt. 


WR 

Write (input; Active LOW) 

When the SCC is selected, this signal indicates a write 
operation. The coincidence of RD and WR is interpreted 
as a reset. 


Channel Clocks 


RTxCA, RTxCB 
Receive/Transmit Clocks (Inputs; Active LOW) 


These pins can be programmed in several different 
modes of operation. In each channel, RTxC may supply 
the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase- 
locked loop. These pins can also be programmed for use 
with the respective SYNC pins as a crystal oscillator. The 
receive clock may be 1, 16, 32, or 64 times the data rate 
in asynchronous modes. 


TRxCA, TRxCB 
Transmit/Receive Clocks 
(Inputs/Outputs; Active LOW) 


These pins can be programmed in several different 
modes of operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or supply the out- 
put of the digital phase-locked loop, the crystal oscillator, 
the baud rate generator, or the transmit clock in the out- 
put mode. 


Channel Controls for Modem, DMA, 
or Other 


CTSA, CTSB 
Clear to Send (Inputs; Active LOW) 


If these pins are programmed as Auto Enables, a LOW 
on these inputs enables their respective transmitter. If 
not programmed as Auto Enables, they may be used as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. The 
SCC detects pulses on these inputs and may interrupt 
the CPU on both logic level transitions. 


DCDA, DCDB 

Data Carrier Detect (Inputs; Active LOW) 

These pins function as receiver enables if they are pro- 
grammed as Auto Enables; otherwise, they may be used 
as general-purpose input pins. Both are Schmitt-trigger 
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buffered to accommodate slow rise-time signals. The 
SCC detects pulses on these pins and may interrupt the 
CPU on both logic level transitions. 


DTR/REQA 
Data Terminal Ready/Request 
(Outputs; Active LOW) 


These outputs follow the inverted state programmed into 
the DTR bit in WR5. They can also be used as 
general-purpose outputs or as Request Lines fora DMA 
controller. 


RTSA, RTSB 
Request to Send (Outputs; Active LOW) 


When the Request to Send RTS bit in Write Register 5 is 
set, the RTS signal goes LOW. When the RTS bit is reset 
in the asynchronous mode and Auto Enable is on, the 
signal goes HIGH after the transmitter is empty. In SYNC 
mode or in asynchronous mode with Auto Enable off, the 
RTS pins strictly follow the inverted state of the RTS bit. 
Both pins can be used as general-purpose outputs. 


SYNCA, SYNCB 
Synchronization (Inputs/Outputs; Active LOW) 


These pins can act either as inputs, outputs, or part of the 
crystal oscillator circuit. In the Asynchronous Receive 
mode (crystal oscillator option not selected), these pins 
are inputs similar to CTS and DCD. In this mode, transi- 
tions on these lines affect the state of the Sync/Hunt 
status bits in Read Register 0 but have no other function. 


In External Synchronization mode with the crystal oscil- 
lator not selected, these lines also act as inputs. In this 
mode, SYNC must be driven LOW two receive clock cy- 
cles after the last bit in the SYNC character is received. 
Character assembly begins on the rising edge of the re- 
ceive clock immediately preceding the activation of 
SYNC. 


In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which SYNC characters are recog- 
nized. The SYNC condition is not latched, so these out- 
puts are active each time a SYNC pattern is recognized 
(regardless of character boundaries). In SDLC mode, 
these pins act as outputs and are valid on receipt of a 
flag. 


W/REQA, W/REQB 

Wait/Request (Outputs; Open drain when 
programmed for a Wait function, driven HIGH or 
LOW when programmed for a Request function) 


These dual-purpose outputs may be programmed as Re- 
quest lines for a DMA controller or as Wait lines to syn- 
chronize the CPU to the SCC data rate. The reset state is 
Wait. 
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PIN DESCRIPTION (continued) 
Control 

A/B 

Channel A/Channel B Select (Input) 


This signal selects the channel in which the read or write 
operation occurs. 


CE 
Chip Enable (input; Active LOW) 


This signal selects the SCC for a read or write operation. 


b/c 
Data/Control Select (Input) 


This signal defines the type of information transferred to 
or from the SCC. A HIGH means data is transferred; a 
LOW indicates a command is transferred. 


Data Bus 


D,-D, 
Data Bus (Input/Output; Three State) 


These lines carry data and commands to and from the 
SCC. 


Interrupt 


lEI 
Interrupt Enable In (Input; Active HIGH) 


IEl is used with IEO to form an interrupt daisy chain when 
there is more than one interrupt-driven device. A HIGH 
IE! indicates that no other higher priority device has an 
interrupt under Service or is requesting an interrupt. 


IEO 

Interrupt Enable Out (Output; Active HIGH) 

IEO is HIGH only if IE! is HIGH and the CPU is not servic- 
ing an SCC interrupt or the SCC is not requesting an in- 
terrupt (interrupt acknowledge cycle only). IEO is con- 
nected to the next lower priority device’s IEI input and 
thus inhibits interrupts from lower priority devices. 
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INT 
interrupt Request (Output; Active LOW, 
Open Drain) 


This signal is activated when the SCC requests an 
interrupt. 


INTACK 

Interrupt Acknowledge (Input; Active LOW) 

This signal indicates an active interrupt acknowledge cy- 
Cle. During this cycle, the SCC interrupt daisy chain set- 
tles. When RD becomes active, the SCC places an inter- 
rupt vector on the data bus (if IEIl is HIGH). INTACK is 
latched by the rising edge of PCLK. 


Serial Data 


RxDa, RxDB 
Receive Data (Inputs; Active HIGH) 


These input signals receive serial data at standard TTL 
levels. 


TxDA, TxDB 
Transmit Data (Outputs; Active HIGH) 


These output signals transmit serial data at standard 
TTL levels. 


Miscellaneous 


GND 

Ground 

PCLK 

Clock (Input) 

This is the master SCC clock used to synchronize inter- 
nal signals. PCLK is not required to have any phase rela- 
tionship with the master system clock. PCLK is a TTL- 
level signal. Maximum transmit rate is 1/4 PCLK. 


Vee 
+5 V Power Supply 
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ARCHITECTURE 


The ESCC internal structure includes two full-duplex 
channels, two 10 x 19 bit SDLC/HDLC frame status 
FIFOs, two baud rate generators, internal control and in- 
terrupt logic, and a bus interface to a non-multiplexed 
bus. Associated with each channel are a number of read 
and write registers for mode control and status informa- 
tion, as well as logic necessary to interface with modems 
or other external devices (see Logic Symbol). 


The logic for both channels provides formats, synchroni- 
zation, and validation for data transferred to and fromthe 
channel interface. The modem control inputs are moni- 
tored by the control logic under program control. All of the 
modem control signals are general-purpose in nature 
and can optionally be used for functions other than mo- 
dem control. 


The register set for each channel includes ten control 
(write) registers, two SYNC character (write) registers, 
and four status (read) registers. In addition, each baud 
rate generator has two (read/write) registers for holding 
the time constant that determines the baud rate. Finally, 
associated with the interrupt logic is a write register for 
the interrupt vector accessible through either channel, a 
write-only Master Interrupt Control register and three 


Internal Channel 
Control A 
Logic Register: 
DataC 8» 
Control Sara 


Interrupt 
Control 


CPU 
Bus VO 
Lines 


| 
ttf 


+5 V GND PCLK 


Interrupt 
Control 


Logic 






Channel 
B 
Registers 


read registers: one containing the vector with status in- 
formation (Channel B only), one containing the vector 
without status (A only), and one containing the interrupt 
Pending bits (A only). 


The registers for each channel are designated as fol- 
lows: 


WRO-WR15—Write Registers 0 through 15. An addi- 
tional write register, WR7 Prime (WR7’), is available for 
enabling or disabling additional SDLC/HDLC enhance- 
ments if bit DO of WR15 is set. 


RRO—-RR3, RR10, RR12, RR13, RR15—Read Registers 
0 through 3, 10, 12, 13, 15. 


If bit D2 of WR15 is set, then two additional Read Regis- 
ters, RR6 and RR7, are available. These registers are 
used with the 10 x 19 bit Frame Status FIFO. 


Table 1 lists the functions assigned to each read 
and write register. The ESCC contains only one 
WR2 and WR39, but they can be accessed by either 
channel. All other registers are paired (one for 
each channel). 


TxDA 
RxDA 









Control ia 
Logic [J 





Channel A 


Channel B 


10216A-001A 
BD008260 


Figure 1. Block Diagram of ESCC Architecture 
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Data Path 


The transmit and receive data path illustrated in Figure 2 
is identical for both channels. The receiver has three 
8-bit buffer registers ina FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme creates 
additional time for the CPU to service an interrupt at the 
beginning of a block of high-speed data. Incoming data 
are routed through one of several paths (data or CRC) 
depending on the selected mode (the character length in 
asynchronous modes also determines the data path). 


The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and a 20-bit transmit 
shift register that can be loaded either from the sync- 
character registers or from the transmit data register. De- 
pending on the operational mode, outgoing data are 
routed through one of four main paths before they are 
transmitted from the Transmit Data output (TxD). 





Table 1. Read and Write Register Functions 





Read Register Functions 


RRO Transmit/Receive buffer status and External status 
RR1 Special Receive Condition status 
(also 10 x 19 bit FIFO Frame Reception Status if 
WR15 bit D2 is set) 


RR2 Modified interrupt vector 
(Channel B only) 
Unmodified interrupt vector 
(Channel A only) 
RR3 Interrupt Pending bits 
(Channel A only) 
RR6 LSB Byte Count (14-bit counter) 
(if WR15 bit D2 set) 
RR7 MSB Byte Count (14-bit counter) 
and 10 x 19 bit FIFO Status (if WR15 bit D2 is set) 
RR8& Receive buffer 
RR10 Miscellaneous XMTR, RCVR status 
RR12 Lower byte of baud rate generator time constant 
RR13 Upper byte of baud rate generator time constant 
RR15 = External/Status interrupt information 
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Write Register Functions 


WRO Command Register, Register Pointers CRC 
initialize, initialization commands for the various 
modes, shift right/shift left command 

WRY1 Interrupt conditions and data transfer mode 
definition 

WR2 _ interrupt vector (accessed through either channel) 

WR3 __=—s Receive parameters and control 

WR4 _ Transmit/Receive miscellaneous parameters and 
modes 

WR5 ____ Transmit parameters and controls 

WR6 = Sync character or SDLC address field 

WR7 = Sync character or SDLC flag 

WR7 SDLC/HDLC enhancements (if bit DO of WR15 set) 

WR8 _ Transmit buffer 

WR9 ‘Master interrupt control and reset (accessed 
through either channel) 

WR10_ Miscellaneous transmitter/receiver control bits, data 
encoding 

WR11 = Clock mode control, Rx and Tx clock source 

WR12_ Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

WR14_ Miscellaneous control bits, DPLL control 

WR15__External/Status interrupt control 


2Z85C30 


0€9DS8Z 


€6c-1 


CPU 1/0 


I/O Data Buffer 


Internal Data Bus an 


WR7 Syne WR6 Sync | Internal TxD 


Final 
4 i ta Tx MUX TxD 


20-Bit Transmit ' Shift Register + Start Bit 











10 x 18-Bit 


Frame 
Status 
FIFO 








BR Sarl 16-Bit Down Counter BR _Generato 
p' ae Output 
14 Bit Counter 


ASYNC 















lunt Mode (D-Syne) [Freomsen | Souq [YER MUX eee 
Zero Insert & 2-Bit Delay nco 
Receive 
Deere ba >| Shift Register __ (5 Bits) 
| : CRC Generator Transmit 
nternal MUX [CRC Generator Clock 
Inte MUX 
RxD > 1 Bit | | NRZI Decode 
DPLL 
DPLL Ea DPLL Output 
BR Generator Output 
DPLL Output Receive Clock 
TRxC Clock Transmit Clock 
aus MUX DPLL Clock 
BR Generator Clock 
SYNC Y BD003510 
(Oscillator) 


Figure 2. Data Path 


DETAILED DESCRIPTION 


The functional capabilities of the ESCC can be described 
from two different points of view; as a data communica- 
tions device, it transmits and receives data in a wide vari- 
ety of data communications protocols; as a microproces- 
sor peripheral, it interacts with the CPU and provides 
vectored interrupts and handshaking signals. 


Data Communications Capabilities 


The ESCC provides two independent full-duplex 
channels programmable for use in any common 
asynchronous or SYNC data-communication protocol. 
Figure 3 and the following description briefly detail 
these protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished inde- 
pendently on each channel with five to eight bits per 
character, plus optional even or odd parity. The transmit- 
ters can supply one, one-and-a-half or two stop bits per 
character and can provide a break output at any time. 
The receiver break-detection logic interrupts the CPU 
both at the start and at the end of a received break. Re- 
ception is protected from spikes by a transient spike- 
rejection mechanism that checks the signal one-half a bit 
time after a Low level is detected on the receive data in- 
put. If the LOW does not persist (as in the case of a tran- 
sient), the character assembly process does not start. 


Framing errors and overrun errors are detected and buff- 
ered together with the partial character on which they oc- 


Start Parity 
| top 


cur. Vectored interrupts allow fast servicing of error con- 
ditions using dedicated routines. Furthermore, a built-in 
checking process avoids the interpretation of framing er- 
ror as a new Start bit; a framing error results in the addi- 
tion of one-half a bit time to the point at which the search 
for the next start bit begins. 


The ESCC does not require symmetric transmit and re- 
ceive clock signals—a feature allowing use of the wide 
variety of clock sources. The transmitter and receiver 
can handle data at a rate of 1, 1/16, 1/32, or 1/64 of the 
clock rate supplied to the receive and transmit clock in- 
puts. In asynchronous modes, the SYNC pin may be pro- 
grammed as an input used for functions, such as moni- 
toring a ring indicator. 


Synchronous Modes 


The ESCC supports both byte-oriented and bit-oriented 
synchronous communication. SYNC byte-oriented pro- 
tocols can be handled in several modes, allowing char- 
acter synchronization with a 6-bit or 8-bit SYNC charac- 
ter (Monosync), any 12-bit or 16-bit SYNC pattern 
(Bisync), or with an external SYNC signal. Leading 
SYNC characters can be removed without interrupting 
the CPU. 


Five- or 7-bit SYNC characters are detected with 8- or 
16-bit patterns in the ESCC by overlapping the larger 
pattern across multiple incoming SYNC characters as 
shown in Figure 4. 


Marking Line } Data | | Data | | Data | | Marking Line 


Asynchronous 


Monosync 


CRC, 


Bisync 


i 


External Sync 


Information 


SDLC/HDLC x 25 


CRC, 


CRC, 


DF002650 


Figure 3. SCC Protocols 


5 Bits 


rmrerencnacthae me, 
syne | synq | syne | Data | Data | Data | Data 
| 


8 Bits 


En ener eee See 


16 Bits 


DFO02651 


Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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CRC checking for Synchronous byte-oriented modes is 
delayed by one character time so that the CPU may dis- 
able CRC checking on specific characters. This permits 
the implementation of protocols, such as IBM BISYNC. 


Both CRC-16 (X'6 + X'!° + X? +1) and CCITT (X'® + X'* 4 
X° + 1) error checking polynomials are supported. Either 
polynomial may be selected in BISYNC and 
MONOSYNC modes. Users may preset the CRC gen- 
erator and checker to all “1”s or all “O”s. The ESCC also 
provides a feature that automatically transmits CRC data 
when no other data are available for transmission. This 
allows for high-speed transmissions under DMA control 
with no need for CPU inierveniion ai ihe end of a mes- 
sage. When there are no data or CRC to send in SYNC 
modes, the transmitter inserts 6-, 8-, or 16-bit SYNC 
characters, regardless of the programmed character 
length. 


The ESCC supports SYNC bit-oriented protocols, such 
as SDLC and HDLC, by performing automatic flag send- 
ing, zero bit insertion, and CRC generation. A special 
command can be used to abort a frame in transmission. 
At the end of a message, the ESCC automatically trans- 
mits the CRC and trailing flag when the transmitter un- 
derruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag characters 
or a steady marking condition. 


If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort may be issued. The ESCC may 
also be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent allowing reception of a mes- 
sage with no prior information about the character struc- 
ture in the information field of a frame. 


The receiver automatically acquires synchronization on 
the leading flag of a frame in SDLC or HDLC and pro- 
vides a synchronization signal on the SYNC pin (an inter- 
rupt can also be programmed). The receiver can be pro- 
grammed to search for frames addressed by a single 
byte (orfour bits within a byte) of auser-selected address 
or to a global broadcast address. In this mode, frames 
not matching either the user-selected or broadcast ad- 
dress are ignored. The number of address bytes can be 
extended under software control. For receiving data, an 
interrupt onthe first received character, or an interrupton 
every character, or on special condition only (end-of- 
frame) can be selected. The receiver automatically de- 
letes all “O"s inserted by the transmitter during character 
assembly. CRC is also calculated and is automatically 
checked to validate frame transmission. At the end of 
transmission, the status of a received frame is available 
in the status registers. In SDLC mode, the ESCC must 
be programmed to use the SDLC CRC polynomial, 
but the generator and checker may be preset to all “1”s 
or all “O’s. The CRC is inverted before transmission 
and the receiver checks against the bit pattern 
“0001110100001111.” 


NRZ, NRZI or FM coding may be used in any 1X mode. 
The parity options available in asynchronous modes are 
available in synchronous modes. 
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The ESCC can be conveniently used under DMA control 
to provide high-speed reception or transmission. In re- 
ception, for example, the ESCC can interrupt the CPU 
when the first character of a message is received. The 
CPU then enables the DMA to transfer the message to 
memory. The ESCC then issues an end-of-frame inter- 
rupt and the CPU can check the status of the received 
message. Thus, the CPU is freed for other service while 
the message is being received. The CPU may also en- 
able the DMA first and have the ESCC interrupt only on 
end-of-frame. This procedure allows all data to be trans- 
ferred via the DMA. 


SDLC Loop Mode 


The ESCC supports SDLC Loop mode in addition to nor- 
mal SDLC.InanSDLC Loop, there is a primary controller 
station that manages the message traffic flow and any 
number of secondary stations. In SDLC Loop mode, the 
ESCC performs the functions of a secondary station 
while an ESCC operating in regular SDLC mode can act 
as a controller (Figure 5). 






Secondary #1 } 
Secondary #3 | 


Secondary #2 
Secondary #4 


PF001240 






Figure 5. An SDLC Loop 


A secondary station in an SDLC Loop is always listening 
to the messages being sent around the loop and, in fact, 
must pass these messages to the rest of the loop by 
retransmitting them with a 1-bit time delay. The sec- 
ondary station can place its own message on the loop 
only at specific times. The controller signals that secon- 
dary stations may transmit messages by sending a spe- 
cial character, called an EOP (End of Poll), around the 
loop. The EOP character is the bit pattern “11111110.” 
Because of zero insertion during messages, this bit pat- 
tern is unique and easily recognized. 


When a secondary station has a message to transmit 
and recognizes an EOP on the line, it changes the last bi- 
nary one of the EOP to a zero before transmission. This 
has the effect of turning the EOP into a flag sequence. 
The secondary station now places its message on the 
loop and terminates the message with an EOP. Any sec- 
ondary stations further down the loop with messages to 
transmit can then append their messages to the mes- 
sage of the first secondary station by the same process. 
Any secondary stations without messages to send 
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merely echo the incoming messages and are prohibited 
from placing messages on the loop (except upon recog- 
nizing an EOP). 


SDLC Loop mode is a programmable option in the 
ESCC. NRZ, NRZI, and FM coding may all be used in 
SDLC Loop mode. 


Baud Rate Generator 


Each channel in the ESCC contains a programmable 
baud rate generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time constant, a 
16-bit down counter, and a flip-flop on the output produc- 
ing a Square wave. On start-up, the flip-flop on the output 
is set in a High state; the value in the time constant regis- 
ter is loaded into the counter; and the counter starts 
counting down. The output of the baud rate generator 
toggles upon reaching zero; the value in the time con- 
stant register is loaded into the counter, and the process 
is repeated. The time constant may be changed at any 
time, but the new value does not take effect until the next 
load of the counter. 


The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 


If the receive clock or transmit clock is not programmed 
to come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 








The following formula relates the time constant to the 
baud rate where PCLK or RTxC is the baud rate genera- 
tor input frequency in Hz. The clock mode is X1, X16, 
X32, or X64 as selected in Write Register 4, bits D6 and 
D7. Synchronous operation modes should select X1 and 
Asynchronous should select X16, X32, or X64. 





PCLK or RTxC Frequency 


Time Constant = 
2 (Baud Rate)(Clock Mode) 


The following formula relates the time constant to the 
baud rate. (The baud rate is in bits/second and the BR 
clock period is in seconds given by Clock 
Mode/Clock Frequency.) 


1 


baud rate = ———$ $$ $ 
2 (Time Constant + 2) x (BR Clock Period) 


Time Constant Values 
for Standard Baud Rates at BR Clock 
= 3.9936 MHz 


Time Constant 
(decimal/Hex notation) 


Rate 
(Baud) 


(0066) 
(O0CE) 
(0113) 
(019E) 
(0229) 
(033E) 
(03E4) 
(0453) 
(067E) 
(OCFE) 
(19FE 


0.0007% 
0.0015% 
0 
0 





Digital Phase-Locked Loop 


The ESCC contains a digital phase-locked loop (DPLL) 
to recover clock information from a data stream with 
NRZI or FM encoding. The DPLL is driven by a clock that 
is nominally 32 (NRZI) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with the data stream, to 
construct a clock for the data. This clock may then be 
used as the SCC receive clock, the transmit clock, 
or both. 


For NRZI encoding, the DPLL counts the 32X clock to 
create nominal bit times. As the 32X clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1/0 or 0/1). As long as no transitions are detected, 
the DPLL output will be free running and its input clock 
source will be divided by 32, producing an output clock 
without any phase jitter. Upon detecting a transition the 
DPLL will adjust its clock output (during the next counting 
cycle) by adding or subtracting a count of 1, thus produc- 
ing aterminal count closer to the center of the bit cell. The 
adding or subtracting of a count of 1 will produce a phase 
jitter of +5.63° on the output of the DPLL. Because the 
SCC’s DPLL uses both edges of the incoming signal to 
compare with its clock source, the mark-space ratio 
(50%) of the incoming signal should not deviate by more 
than +1.5% if proper locking is to occur. 


For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the 
DPLL is locked, the clock edges in the data stream 
should occur between counts 15 and 16 and between 
counts 31 and 0. The DPLL looks for edges only during a 
time centered on the 15/16 counting transition. 
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The 32X clock for the DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the SCC via the TRxC pin (if this pin is not 
being used as an input). 


Crystal Oscillator 


When using a crystal oscillator to supply the receive or 
transmit clocks to a channel of the SCC, the user should : 


1. Select a crystal oscillator which satisfies the 
following specifications: 


B 30 ppm @ 25°C 
m 50 ppm over temperature of —20° to 70°C 
m 5ppm/yr aging 
m 5 mW drive level 
2. Place crystal across RTxC and SYNC pins 


3. Place 30 pF capacitors to ground from both RTxC 
and SYNC pins 


4. Set bit D7 of WR11 to “1.” 


Data 
NRZ 


NRZI 


FM, 
(Biphase Mark) 
(Biphase Mark) 


FM, 
Manchester 





Data Encoding 


The ESCC may be programmed to encode and decode 
the serial data in four different ways (Figure 6). In NRZ 
encoding, a “1” is represented by a High level, anda “0" is 
represented by a Low level. In NRZI encoding, a “1” is 
represented by no change in level, and a “0” is repre- 
sented by a change in level. In FM: (more properly, bi- 
phase mark), a transition occurs at the beginning of 
every bit cell. A “1” is represented by an additional transi- 
tion at the center of the bit cell, and a “O” is represented 
by no additional transition at the center of the bit cell. In 
FMo (bi-phase space), a transition occurs at the begin- 
ning of every bit cell. A “0” is represented by an additional 
transition at the center of the bit ceil, and a “1” is repre- 
sented by no additional transition at the center of the bit 
cell. In addition to these four methods, the ESCC can be 
used to decode Manchester (bi-phase level) data by us- 
ing the DPLL in the FM mode and programming the re- 
ceiver for NRZ data. Manchester encoding always pro- 
duces a transition at the center of the bit cell. If the 
transition is 0/1, the bit is a “0.” If the transition is 1/0, the 
bit is a “1.” 


Bit Cell Level 


Low = 0 


No Change = 1 
Change = 0 


Bit Center Transition 
Transition = 1 
No Transition = 0 


No Transition = 1 
Transition = 0 


High Low =1 
Low High =0 


WF005880 


Figure 6. Data Encoding Methods 


Auto Echo and Local Loopback 


The ESCC is capable of automatically echoing every- 
thing it receives. This feature is useful mainly in asyn- 
chronous modes but works in SYNC and SDLC modes 
as well. In Auto Echo mode, TxD is RxD. Auto Echo 
mode can be used with NRZI or FM encoding with no ad- 
ditional delay, because the data stream is not. decoded 
before retransmission. In Auto Echo mode, the CTS input 
is ignored as a transmitter enable (although transitions 
on this input can still cause interrupts if programmed to 
do so). Inthis mode, the transmitter is actually bypassed, 


and the programmer is responsible for disabling trans- 
mitter interrupts and WAIT/REQUEST on transmit. 





The ESCC is also capable of Local Loopback. In this 
mode, TxD is RxD just as in Auto Echo mode. However, 
inLocal Loopback mode, the internal transmit data is tied 
to the internal receive data, and RxD is ignored (except 
to be echoed out via TxD). The CTS and DCD inputs are 
also ignored as transmit and receive enables. However, 
transitions on these inputs can still cause interrupts. Lo- 
cal Loopback works in asynchronous, SYNC and SDLC 
modes with NRZ, NRZI or FM coding of the data stream. 
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I/O Interface Capabilities 


The ESCC offers the choice of Polling, Interrupt (vec- 
tored or nonvectored), and Block Transfer modes to 
transfer data, status, and control information to and from 
the CPU. The Block Transfer mode can be implemented 
under CPU or DMA control. 


Polling 


All interrupts are disabled. Three status registers in the 
ESCC are automatically updated whenever any function 
is performed. For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The idea be- 
hind polling is for the CPU to periodically read a status 
register until the register contents indicate the need for 
data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes 
data, reads data, or continues. Two bits in the register in- 
dicate the need for data transfer. An alternative is a poll 
of the Interrupt Pending register to determine the source 
of an interrupt. The status for both channels resides in 
one register. 


Interrupts 


When an ESCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt vector may 
be placed on the data bus. This vector is written in WR2 
and may be read in RR2A or RR2B (Figures 8 and 9). 


To speed interrupt response time, the ESCC can modify 
three bits in this vector to indicate status. If the vector is 
read in Channel A, status is never included; if it is read in 
Channel B, status is always included. 


Each of the six sources of interrupts in the ESCC (Trans- 
mit, Receive and External/Status interrupts in both chan- 
nels) has three bits associated with the interrupt source: 
Interrupt Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE bit is 
straightforward. If the IE bit is set for a given interrupt 
source, then that source can request interrupts. The ex- 
ception is when the MIE (Master Interrupt Enable) bit in 
WR3¢ is reset and no interrupts may be requested. The IE 
bits are write-only. 






Peripheral 


Do-D7 


AD,-AD7 
INT 







IEl AD,-AD, INT INTACK IEO 


The other two bits are related to the Z-Bus interrupt prior- 
ity chain (Figure 7). As a Z-Bus peripheral, the ESCC 
may request an interrupt only when no higher priority de- 
vice is requesting one, for example, when IE is HIGH. If 
the device in question requests an interrupt, it pulls down 
INT. The CPU then responds with INTACK, and the inter- 
rupting device places the vector on the A/D bus. 


Inthe SCC, the IP bit signals a need for interrupt servic- 
ing. When an IP bit is set to “1” and the IE! input is HIGH, 
the INT output is pulled LOW, requesting an interrupt. In 
the ESCC, if the IE bit is set for an interrupt, then the IP 
for that source can never be set. The IP bits are readable 
in RRSA. 


The IUS bits signal that an interrupt request is being 
serviced. If an|US is set, all interrupt sources of lower pri- 
ority in the ESCC and external to the ESCC are pre- 
vented from requesting interrupts. The internal interrupt 
sources are inhibited by the state of the internal daisy 
chain, while lower priority devices are inhibited by the 
IEO output of the ESCC being pulled LOW and propa- 
gated to subsequent peripherals. An IUS bit is set during 
an Interrupt Acknowledge cycle if there are no higher pri- 
ority devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive 
and External/Status. Each interrupt type is enabled un- 
der program control with Channel A having higher prior- 
ity than Channel B, and with Receive, Transmit and Ex- 
ternal/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is enabled, 
the CPU is interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must have hada 
data character written into it so that it can become 
empty.) When enabled, the Receive can interrupt the 
CPU in one of three ways: 


@ Interrupt on First Receive Character or Special 
Receive condition 


w Interrupt on all Receive Characters or Special 
Receive condition 


@ Interrupt on Special Receive condition only 


Peripheral 


Peripheral 





IE1 AD,.-AD, INT INTACK 


AF002770 


Figure 7. Z-Bus Interrupt Schedule 
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Interrupt on First Character or Special Condition and In- 
terrupt on Special Condition Only are typically used with 
the Block Transfer mode. A Special Receive Condition is 
one of the following: receiver overrun, framing error in 
asynchronous mode, end-of-frame in SDLC mode, and 
optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary Receive Character 
Available interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt can occur from 
Special Receive Conditions any time after the first Re- 
ceive Character Interrupt. 


The main function of the External/Status interrupt is to 
monitor the signal transitions of the CTS, DCD, and 
SYNC pins; however, an External/Status interrupt is also 
caused by a Transmit Underrun condition, azero count in 
the baud rate generator, the detection of a Break (asyn- 
chronous mode), Abort (SDLC mode) or EOP (SDLC 
Loop mode) sequence in the data stream. The interrupt 
caused by the Abort or EOP has a special feature allow- 
ing the ESCC to interrupt when the Abort or EOP se- 
quence is detected or terminated. This feature facilitates 
the proper termination of the current message, correct 


PROGRAMMING INFORMATION 


Each channel has fifteen Write registers that are indi- 
vidually programmed from the system bus to configure 
the functional personality of each channel. Each channel 
also has eight Read registers from which the system can 
read Status, Baud rate, or Interrupt information. 


On the Z85C30, only four data registers (Read and Write 
for Channels A and B) are directly selected by a HIGH on 
the D/C input and the appropriate levels on the RD, WR 
and A/B pins. All other registers are addressed indirectly 
by the content of Write Register 0 in conjunction with a 
LOW on the D/C input and the appropriate levels on the 
RD, WRand A/B pins. If bit D3 in WRO is 1 and bits 5 and 
6 are 0, then bits 0, 1, 2 address the higher registers 8 
through 15. If bits 4,5, 6 contain a different code, bits 0, 1, 
2 address the lower registers 0 through 7 as shown in 
Table 2. 





initialization of the next message, and the accurate tim- 
ing of the Abort condition in external logic in SDLC mode. 
In SDLC Loop mode, this feature allows secondary sta- 
tions to recognize the wishes of the primary station to re- 
gain control of the loop during a poll sequence. 


CPU/DMA Block Transfer 

The SCC provides a Block Transfer mode to accommo- 
date CPU block transfer functions and DMA controllers. 
The Block Transfer mode uses the WAIT/REQUEST out- 
put in conjunction with the Wait/Request bits in WR1. 
The WAIT/REQUEST output can be defined under soft- 
ware control as a WAIT line in the CPU Block Transfer 
mode or as a REQUEST line in the DMA Block Transfer 
mode. 


To a DMA controller, the ESCC REQUEST output indi- 
cates that the ESCC is ready to transfer data to or from 
memory. To the CPU, the WAIT line indicates that the 
SCC is not ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DIR/REQUEST can 
be used as the transmit request line, thus allowing full- 
duplex operation under DMA control. 


Writing to or reading from any register except RRO, WRO 
and the Data Registers thus involves two operations: 


First, write the appropriate code into WRO, then follow 
this by a write or read operation on the register thus 
specified. Bits 0 through 4 in WRO are automatically 
cleared after this operation, so that WRO then points to 
WRO or RRO again. 


Channel A/Channel B selection is made by the A/B input 
(HIGH = A, LOW = B) 


The system program first issues a series of Commands to 
initialize the basic mode of operation. This is followed by 
other commands to qualify conditions within the selected 
mode. For example, the asynchronous mode, character 
length, clock rate, number of stop bits, even or odd parity 
might be set first. Then the interrupt mode would be set 
and, finally, receiver or transmitter enable. 


Table 2. Register Addressing 


D/C “Point High” D2, D1, DO Write Read 
Code In WRO: In WRO: Register Register 
HIGH Either Way X x x Data Data 
LOW Not True 0 0 0 0 0 
LOW Not True 0 0 1 1 1 
LOW Not True 0 1 0 2 2 
LOW Not True 0 1 1 3 3 
LOW Not True 1 0 0 4 (0) 
LOW Not True 1 0 1 5 (1) 
LOW Not True 1 1 0 6 (2) 
LOW Not True 1 1 1 7 (3) 
LOW True 0 0 0 Data Data 
LOW True 0 0 1 9 - 
LOW True 0 1 0 10 10 
LOW True 0 1 1 11 (15) 
LOW True 1 0 0 12 12 
LOW True 1 0 1 13 13 
LOW True 1 1 0 14 (10) 
LOW True 1 1 1 15 15 
Z85C30 1-299 


Read Registers — 


The ESCC contains eight read registers [actually nine, 
counting the receive buffer (RR8) in each channel]. Four 
of these may be read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers (RR12 and 
RR13) may be read to learn the baud rate generator time 
constant. RR2 contains either the unmodified interrupt 
vector (Channel A) or the vector modified by status infor- 
mation (Channel B). RR3 contains the Interrupt Pending 
(IP) bits (Channel A). In addition, if bit D2 of WR15 is set, 


RR6 and RR? are available for providing frame status 
from the 10 x 19 bit Frame Status FIFO. Figure 8 shows 
the formats for each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring, for example, when the inter- 
rupt vector indicates a Special Receive Condition inter- 
rupt, all the appropriate error bits can be read from a 
single register (RR1). 





Read Register 0 


Rx Character Available 
Zero Count 

Tx Buffer Empty 

DCD 

SYNC Hunt 

CTS 

Tx Underrun/EOM 
Break Abort 


DF002670 





Read Register 1 


All Sent 

Residue Code 2 
Residue Code 1 
Residue Code 0 
Parity Error 

Rx Overrun Error 
CRC Framing Error 
End-of-Frame (SDLC) 


DF002690 





Read Register 2 


p,[0,[0,}.|0,|0,[p,[o, 





*Modified in B Channel 


DFO002680 


V3 Interrupt Vector’ 


Read Register 3 


Channel B EXT STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

0 





*Always 0 in B Channel 








DF002700 
Read Register 6 
BCO 
BC1 
BC2 14-Bit 
BC3 LS 
BC4 B Byte 
Count 
BCS 
BC6 
BC7 
10216A-006A 
DF006291 
Read Register 7 
1D,|D,[D;}D.]D,|D,]D, | D.| 
BC8 
BC9 
BC10 14-Bit 
BC11 MSB Byte 
BC12 Count 
BC13 
FDA* 10 x 19 bit 
FOY** FIFO Status 
*FIFO Data Available Status 
“FIFO Overflow Status 10216A-007A 
DFO06302 


Figure 8. Read Register Bit Functions 
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Read Register 10 





0 
On Loop 
0 


0 
Loop Sending 
0 


Two Clocks Missing 
One Clock Missing 


DF002710 


Read Register 12 


Lower Byte of 
Time Constant 








Read Register 13 


pfo[o.o[,[o 1010, 





TC Upper Byte of 
TC, Time Constant 


DF002720 


Read Register 15 


SDLC/HDLC Enhancement Status’ 
- Zero Count IE 

10 x 19 bit FIFO Enable/Disable* 
DCD IE 

SYNC Hunt JE 

CTS IE 

- Tx Underrun/EOM IE 

Break/Abort IE 


*Added Enhancement 


DF002730 


DF002743 


Figure 8. Read Register Bit Functions (continued) 


Write Registers 

The ESCC contains 15 write registers (16 counting WR8, 
the transmit buffer) in each channel. These write regis- 
ters are programmed separately to configure the func- 


tional “personality” of the channels. Two registers (WR2 . 


and WR9) are shared by the two channels that can be ac- 
cessed through either of them. WR2 contains the inter- 
rupt vector for both channels, while WR9 contains the 


interrupt control bits. In addition, if bit DO of WR15 is 
set, write register seven prime (WR7’) is available for 
programming additional SDLC/HDLC enhancements. 
When bit DO of WR15 is set, executing a write to WR7 ac- 
tually writes to WR7’ to further enhance the functional 
“personality” of each channel. Figure 9 shows the format 
of each write register. 


Write Register 0 





Register 








NON OM ~~ © 









Null Code 
Point High Register Group 
Reset Ext/Status Interrupts 
Send Abort 
Enable Int on Next Rx Character 
Reset Tx Int Pending 
Error Reset 
Reset Highest IUS 
Null Code 

Reset Rx CRC Checker | o] 1) 

Reset Tx CRC Generator | 1] 0} 


DF002760 
Reset Tx Underrun/EOM Latch | 1] 1] 


Figure 9. Write Register Bit Functions 
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Write Register 1 


Ext Int Enable 
Tx Int Enable 
Parity is Special 
Rx Int Disable 






Write Register 2 





Rx Int on First Character or Special Condition 

Int on All Rx Characters or Special Condition 

Rx Int on Special Condition only 

Wait/DMA Request on Receive/Transmit 


Wait/DMA Request Function 
Wait/DMA Request Enable 


Write Register 4 


Parity Enable 
Parity Even/Odd 


Sync Modes Enable 

1 Stop Bit/Character 

1 1/2 Stop Bits/Character 
2 Stop Bits/Character 









Condition 


101 0} 8-Bit Sync Character 

| O11} 16-Bit Sync Character 
1110} SDLC Mode (01111110 Flag) 
Lii1} External Sync Mode 





DF002770 
X1 Clock Mode 
X16 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 
DF002811 
Interrupt Vector* Write Register 5 
D,| 
Tx CRC Enable 
RTS 
epee SDLC/CRC-16 
Tx Enable 
Send Break 


Write Register 3 


D,|0,}D.}D,{D,]0,]D, |D, 







Rx Enable 


Rx 6 Bits/Character 
Rx 8 Bits/Character 





SYNC, 
SYNC, 
SYNC, 
SYNC, 
ADR, 
ARD, 


SYNC, 
SYNC, 
SYNC, 
SYNC, 
ADR, 
ARD, 


SYNC, 
SYNC, 
SYNC, 
SYNC, 
ADR, 
ARD, 


Sync Character Load Inhibit 
Address Search Mode (SDLC) 


0,|0,]0,]0,|D,]0,[D,]D,. 










| Ol.o| Tx 5 Bits (or less)/Character 
of 1] Tx 7 Bits/Character 

| 1{ 0] Tx 6 Bits/Character 
_ i111) Tx 8 Bits/Character 


Rx CRC Enable 
Enter Hunt Mode DTR 
Auto Enable DF002820 
Rx 5 Bits/Character 
Rx 7 Bits/Character 
DF002790 


Write Register 6 


SYNC, SYNC, SYNC, SYNC, SYNC,  Monosync 8 Bits 

SYNC, SYNC, SYNC, SYNC, SYNC, Monosync 8 Bits 

SYNC, SYNC, SYNC, SYNC, SYNC, Bisync 16 Bits 

SYNC, 1 1 1 1 Bisync 12 Bits 

ADR, ADR, ADR, ADR, ADR, ~~ SDLC 

ARD, 1 1 1 1 SDLC (Address 0) 
DF002801 


Figure 9. Write Register Bit Functions (continued) 
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Write Register 7 


SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, Monosync 8 Bits 
SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, 1 1 Monosync 8 Bits 
SYNC, SYNC,, SYNC,, SYNC,, SYNC,, SYNC, SYNC, SYNC, Bisync 16 Bits 
SYNC,, SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, SYNC, Bisync 12 Bits 
0 1 1 1 1 1 1 0 SDLC 
DF002831 
Write Register 7’ 

Auto Tx Flag 

Auto EOM Latch Reset 

Auto RTS 

TxD Pulled HIGH in SDLC NRZI Mode 

Fast DTR/REQ Mode 


CRC Check Bytes Completely Received 
Extended Read Enable 
Must Be Set to “0” 





10216A-008A 
DF006331 


Write Register 9 


Write Register 11 


VIS 














NV TRxC Out = XTAL Output 
DLC TRxC Out = Transmit Clock 
MIE TRxC Out = BR Generator Output 
Status High/Status Low TAxC Out = DPLL Output 
Interrupt Masking TRxG O/| 
No Reset without INTACK* 
Channel Reset B | Ol] QO} Transmit Clock = RIxC Pin 
Channel Reset A Transmit Clock = TRxC Pin 
Force Hardware Reset | 1] 0] Transmit Clock = BR Generator Output 
. L111} Transmit Clock = DPLL Output 
Added Enhancement DF002842 
[of 0] Receive Clock RIxC Pin 
| O} 1} Receive Clock TRxC Pin 
| 0} Receive Clock BR Generator Output 
Receive Clock DPLL Output 
RTxC XTAL/No XTAL 
DF002850 


Figure 9. Write Register Bit Functions (continued) 
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Write Register 10 


6 Bit/8 Bit Sync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 







NRZ 
NRZl 

FM1 transition = 1 
FMO (Transition = 0 DFOO2860 


CRC Preset I/O 





Write Register 12 


Lower Byte of 
Time Constant 


DF002870 


Write Register 13 


D,]D,} 0.]D,[D,] 0,0, {| 


Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 









Null Command 
Enter Search Mode 

Reset Missing Clock 
Disable DPLL 

Set Source = BR Generator 
Set Source = RTxC 

Set FM Mode 


Set NRZI Mode DF002890 


D,D,|D.]D,]0,],|D, }D,. 


* Added Enhancement 


10 
Upper Byte of 
TCs, Time Constant 
TC,. 


DF002880 


Write Register 15 


SDLC/HDLC Enhancements Enable* 
Zero Count IE 

10 x 19 Bit FIFO Enable’ 

DCD IE 

Sync/Hunt lE 

CTS IE 

Tx Underrun/EOM IE 


Break/Abort IE DF002903 


Figure 9. Write Register Bit Functions (continued) 


Z85C30 Timing 

The ESCC generates internal control signals from WR 
and RD that are related to PCLK. Since PCLK has no 
phase relationship with WR and RD, the circuitry gener- 
ating these internal control signals must provide time for 
metastable conditions to disappear. This gives rise to a 
recovery time related to PCLK. The recovery time ap- 
plies only between bus transactions involving the ESCC. 
The recovery time required for proper operation is speci- 
fied from the falling edge of WR or RD in the first transac- 
tion involving the ESCC, to the falling edge of WRor RD” 
in the second transaction involving the ESCC. This time 
must be at least 3 1/2 PCLK regardless of which register 
or channel is being accessed. 


Read Cycle Timing 

Figure 10 illustrates Read cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CE falls after RD falls or if it 
rises before RD rises, the effective RD is shortened. 





Write Cycle Timing 

Figure 11 illustrates Write Cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CE falls after WR falls or if it 
rises before WR rises, the effective WR is shortened. 
Data must be valid before the rising edge of WR. 
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Interrupt Acknowledge Cycle Timing and IEI is HIGH when RD falls, the Acknowledge cycle is 


Figure 12 illustrates Interrupt Acknowledge cycle timing.  intendedforthe SCC. Inthis case, the ESCC may be pro- 
Between the time INTACK K goes LOW and the falling | grammed to respond to RD LOW by placing its interrupt 
edge of RD, the internal and external IEIEO daisy | vector on DO-D7 and it then sets the appropriate Inter- 
chains settle. If there is an interrupt pendinginthe ESCC _—‘"upt-Under-Service latch internally. 


Ni, OF 

= aaa aaa TTT 

i on mars 
D.-D, (______X data Vale) 


10216A-008A 
WF026330 


Figure 10. Read Cycle Timing 


AB, D/C Address Valid 





WR i Cone eee cane 
D,-D, Data Valid 


10216A-010A 
WF026330 


Figure 11. Write Cycle Timing 


WF005940 


Figure 12. interrupt Acknowledge Cycle Timing 
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FIFO 

FIFO Enhancements 

When used with a DMA controller, the Z85C30 Frame 
Status FIFO enhancement maximizes the ESCC’s ability 
to receive high-speed back-to-back SDLC messages 
while minimizing frame overruns due to CPU latencies in 
responding to interrupts. 


Additional logic was added to the industry-standard 
NMOS SCC consisting of a 10-deep by 19-bit status 
FIFO, a 14-bit receive byte counter, and control logic as 
shown in Figure 13. The 10 x 19 bit status FIFO is sepa- 
rate from the existing three-byte receive data and Error 
FIFOs. : 





SCC Status Reg 
RR1 (Existing) | 





14-Bit Byte Counter 


Reset on Flag Detect 
Increment on Byte DET 
Enable Count in SDLC 








6 Bits 14 Bits End-of-Frame Signa 
fee ee 
Residue Bis@]——SSCSC~—SCS 
Overrun | 
CRC Error 
10 x 19 Bit FIFO Array 
— Tail Pointer 
a es es, 
Oa we 
pO Head Pointer 
Re ee ee ee ee eee 
eee pier oe ee weenie) 4-Bit 
Comparator 
pf ve Equa 
a 
| Ga) es coe 
6 Bits 8 Bits 
2 Bindg.2tiiurA | es , 
Bit 7 it 6| Bits O-5 FIEO Enable 
4 tne CL PARBES Lee — 
Interface to SCC bajatiey Bit 2 Set 
Byte Counter Contains 14 Bits Enables Status FIFO 
for a 16-Kb Maximum Count 
FIFO Data Available Status Bit 
Status Bit Set to 1 
When Reading From FIFO 
FIFO Overflow Status Bit 
MSB of RR(7) is Set on Status FIFO 
Overflow 
In SDLC mode, the following definitions apply: 
e All Sent bypasses MUX and equals contents of SCC Status Register ‘an renaaae 
e Parity bits bypasses MUX and does the same 
e EOF is set to 1 whenever reading from the FIFO BD008000 


Figure 13. SCC Status Register Modifications 





When the enhancement is enabled, the status in Read 
Register 1 (RR1) and byte count for the SDLC frame will 
be stored in the 10 x 19 bit status FIFO. This allows 
the DMA controller to transfer the next frame into 
memory while the CPU verifies that the message was 
properly received. 


Summarizing the operation, data is received, assem- 
bled, and loaded into the three-byte receive FIFO before 
being transferred to memory by the DMA controller. 
When a flag is received at the end of an SDLC frame, the 
frame byte count from the 14-bit counter and five status 
bits are loaded into the status FIFO for verification by the 
CPU. The CRC checker is automatically reset in prepa- 
ration for the next frame which can begin immediately. 
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Since the byte count and status are saved for each 
frame, the message integrity can be verified at a later 
time. Status information for up to 10 frames can be 
stored before a status FIFO overrun could occur. 


If receive interrupts are enabled while the 10 x 19 FIFOis 
enabled, an SDLC end-of-frame special condition will 
not lock the three-byte Receive data FIFO. An SDLC 
end-of-frame still locks the three-byte Receive data FIFO 
in “Interrupt on first Receive Character or Special Condi- 
tion” and “Interrupt on Special Condition Only” modes 
when the 10 x 19 FIFO is disabled. This feature allows 
the 10 x 19 SDLC FIFO to accept multiple SDLC frames 
without CPU intervention at the end of each frame. 
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FIFO Detail 


For a better understanding of details of the FIFO opera- 
tion, refer to the block diagram contained in Figure 13. 


Enable/Disable 


This FIFO is implemented so that it is enabled when 
WR15 bit 2 is set and the ESCC is in the SDLC/HDLC 
mode, otherwise the status register contents bypass the 
FIFO and go directly to the bus interface (the FIFO 
pointer logic is reset either when disabled or via a chan- 
nel or power-on reset). When the FIFO mode is disabled, 
the ESCC is completely downward-compatible with the 
NMOS 28530. The FIFO mode is disabled on power-up 
(WR15 bit 2 is set to “O” on reset). The effects of back- 
ward compatibility on the register set are that RR4 is an 
image of RRO, RR5 is an image of RR1, RR6is an image 
of RR2, and RR7 is an image of RR3. For the details of 
the added registers, refer to Figure 15. The status of the 
FIFO Enable signal can be obtained by reading RR15 
bit 2. Ifthe FIFO is enabled, the bit will be set to “1”; other- 
wise, it will be reset. 


Read Operation 

When WR'15 bit 2 is set and the FIFO is not empty, the 
next read to status register RR1 or the additional regis- 
ters RR7 and RR6 will actually be from the FIFO. Read- 
ing status register RR1 causes one location of the FIFO 
to be emptied, so status should be read after reading the 
byte count, otherwise the count will be incorrect. Before 
the FIFO underflows, it is disabled. In this case, the multi- 
plexer is switched to allow status to be read directly from 
the status register, and reads from RR7 and RR6 will 


Byte Count 


pret | Oils 


23 45 67 
Data Stream 





Internal Byte Strobe 
Increments Counter 





contain bits that are undefined. Bit 6 of RR7 (FIFO Data 
Available) can be used to determine if status data is com- 
ing from the FIFO or directly from the status register, 
since it is set to “1” whenever the FIFO is not empty. 


Because not all status bits are stored in the FIFO, the All 
Sent, Parity, and EOF bits will bypass the FIFO. The 
Status bits sent through the FIFO willbe Residue Bits (3), 
Overrun, and CRC Error. 


The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order, 
RR7, RR6, and RR1 (reading RR6 is optional). Addi- 
tional logic prevents the FIFO from being emptied by 
multiple reads from RR1. The read from RR7 latches the 
FIFO empty/full status bit (bit 6) and steers the status 
multiplexer to read from the SCC megacell instead of the 
status FIFO (since the status FIFO is empty). The read 
from RR1 allows an entry to be read from the FIFO (if the 
FIFO was empty, logic is added to prevent a FIFO under- 
flow condition). 


Write Operation 


When the end of an SDLC frame (EOF) has been re- 
ceived and the FIFO is enabled, the contents of the 
status and byte-count registers are loaded into the FIFO. 
The EOF signal is used to increment the FIFO. If the 
FIFO overflows, the MSB of RR7 (FIFO Overflow) is set 
to indicate the overflow. This bit and the FIFO control 
logic is reset by disabling and re-enabling the FIFO con- 
trol bit (WR15 bit 2). For details of FIFO control timing 
during an SDLC frame, refer to Figure 14. 


23 45 6 7 





Internal Byte Strobe 
Increments Counter 


Don’t Load Reset Reset Reset 
Counter On Byte Counter Byte Counter Byte Counter 
1st Flag Load Counter Load Counter 
Reset Byte Into FIFO and Into FIFO and 
Key Counter Here Increment PTR Increment PTR 
F : Flag 
A : Address Field 
D : Data 


C : Control Field 


DFOO6690 


Figure 14. SDLC Byte Counting Detail 


Byte Counter Detail 


The 14-bit byte counter allows for packets up to 16K 
bytes to be received. For a better understanding of its op- 
eration, refer to Figures 13 and 14. 


Enable 


The byte counter is enabled when the SCC is in the 
SDLC/HDLC mode and WR'15 bit 2 is set to “1.” 


Reset 

The byte counter is reset whenever an SDLC flag char- 
acter is received. The reset is timed so that the contents 
of the byte counter are successfully written into the FIFO. 


increment 


The byte counter is incremented by writes to the data 
FIFO. The counter represents the number of bytes re- 
ceived by the SCC, rather than the number of bytes 
transferred from the SCC. (These counts may differ by 
up to the number of bytes in the receive data FIFO con- 
tained in the SCC.) 
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7 6 5 4 3 2 1 Oo 
Bc | BC | BC | BC |BC |BC 
FOY|FDA} 413 112 |11 | 10 | 9 |8 


FIFO Data Available Status 
1 = Status Reads Will Come From FIFO 
0 = Status Reads Will Come From SCC 


FIFO Overflow Status 
1 = FIFO Overflowed During Operation 
0 = Normal 


RR7 






2 1 


7 6 5 4 3 0 
RR6 BC |; BC | BC | BC | BC | BC | BC |} BC Read From FIFO 
7 6; 5} 41 3] 2 1 0 LSB Byte Count 


ENH: SDLC/HDLC Enhancement Status 
1 = Enhancements Enabled 
0 = Enhancements Disabled 


Status FIFO Enable Control Bit 


1 = Status and Byte Count Will be 
Held in the Status FIFO Until Read 


0 = Status Will Not be Held (SCC Emulation Mode) 





e = No Change From NMOS SCC DFN 


10216A-013A 
DF006371 


Figure 15. SCC Additional Registers 


285C30 SDLC/HDLC Enhancement status FIFO is enabled while bit DO determines whether 
Register Access or not other enhancements are enabled via WR7’. Table 
SDLC/HDLC enhancements onthe Z85C30 are enabled 3 shows what functions on the 285C30 are enabled 
or disabled via bits D2 or DO in WR15. Bit D2 determines | when these bits are set. 

whether or not the 10 x 19 bit SDLC/HDLC frame 


Table 3. Enhancement Options 


WR15 Bit D2 WR15 Bit DO WR7’ Bit D6 
10 x 19 Bit SDLC/HDLC Extended Functions 
FIFO Enabled Enhancement Enabled Read Enabled Enabled 
1 0 X 10 x 19 bit FIFO 
enhancement enabled only 
0 1 0 SDLC/HDLC enhancements 
enabled only 
SDLC/HDLC enhancements 
0 1 1 enabled with extended read 
enabled 
10 x 19 bit FIFO and 
1 1 0 _ SDLC/HDLC enhancements 
enabled 
10 x 19 bit FIFO and 
1 1 1 SDLC/HDLC enhancements 


with extended read enabled 





When bit D2 of WR15 is set to “1,” two additional regis- | register map when this function is enabled is shown in 
ters (RR6 and RR7) per channel specifictothe 10 x 19 Table 4. 
bit Frame Status FIFO are made available. The Z85C30 
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Table 4.10 x 19 Bit FIFO Enabled 


With the Point High command: 


A/B PNT2 PNT: 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 


PNTo 


—=~O-(0-"0+0-0;0-+ 0+ 0 


Sa OA 0A 0240200 "04 0 


Write 


WROB 
WR1B 
WR2 

WR3B 
WR4B 
WR5B 
WR6B 
WR7B 
WROA 
WR1A 


WR3A 
WR4A 
WR5A 
WR6A 
WR7A 


WR8B 
WR9Q 
WR10B 
WR11B 
WR12B 
WR13B 
WR14B 
WR15B 
WR8A 
WR9 
WR10A 
WR11A 
WR12A 
WR13A 
WR14A 
WR15A 


Read 


RROB 
RRiB 
RR2B 
RR3B 
(RROB) 
(RR1B) 
RR6B 
RR7B 
RROA 
RR1A 
RR2A 
RR3A 
(RROA) 
(RR1A) 
RR6A 
RR7A 


RR8B 
RR13B 
RR10B 
(RR15B) 
RR12B 
RR13B 
(RR10B) 
RR15B 
RR8A 
(RR13A) 
RR10A 
(RR15A) 
RR12A 
RR13A 
(RR10A) 
RR15A 





Bit DO of WR15 determines whether or not other en- —_— registers WR3, WR4, WR5, and WR10 are readable by 
hancements pertinent only to SDLC/HDLC Mode opera- __ the processor. In addition, WR7’ is also readable by hav- 
tion are available for programming via WR7’ as shown __ ingthis bitset. WR3 is read when a bogus RR¢9 register is 
below. Write Register 7 prime (WR7’) can be written to accessed during a read cycle. WR10 is read by access- 
when bit DO of WR15 is set to “1.” When this bit is set, | ing RR11, and WR7’ is accessed by executing a read to 
writing to WR7 (flag register) actually writes to WR7’. If ©RR14. The Z85C30 register map with bit DO of WR15 
bit D6 of this register is set to “1,” previously unreadable and bit D6 of WR7’ set is shown in Table 5. 


D7 D6 D5 D4 D3 D2 D1 DO 







SDLC/HDLC | SDLC/HDLC | SDLC/HDLC 
Auto RTS Auto EOM Auto 
Turnoff Reset Tx Flag 















DTR/REQ 
Fast Mode 


Force TxD 
High 


Ext. Read 
Enable 


Must Be Set 
to 0 













WR7’—SDLC/HDLC Programmable Enhancements’ 


*Note: Options 3, 4, 5, and 6 may be used regardless of whether SDLC/HDLC mode is selected. 
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Table 5. SDLC/HDLC Enhancements Enabled 


A/B PNT2 PNT: PNTo Write Read 

0 0 0 0 WROB RROB 

0 0 0 1 WR1B RR1B 

0 0 1 0 WR2 RR2B 

0 0 1 1 WR3B RR3B 

0 1 0 0 WR4B RR4B (WR4B) 
0 1 0 1 WR5B RR5B (WRS5B) 
0 1 1 0 WR6B (RR2B) 

0 1 1 1 WR7B (RR3B) 

1 0 0 0 WROA RROA 

1 0 0 1 WRIA RR1A 

1 0 1 0 WR2 RR2A 

1 0 1 1 WR3A RR3A 

1 1 0 0 WR4A RR4A (WR4A) 
1 1 0 1 WRS5A RR5A (WRS5A) 
1 1 1 0 WR6A (RR2A) 

1 1 1 1 WR7A (RR3A) 

With the Point High command: 

0 0 0 0 WR8B RR8B 

0 0 0 1 WR9Q RRQ (WR3B) 
0 0 1° 0 WR10B RR10B 

0 0 1 1 WR11B RR11B (WR10B) 
0 1 0 0 WR12B RR12B 

0 1 0 1 WR13B RR13B 

0 1 1 0 WR14B RR14B (WR7’B) 
0 1 1 1 WR15B RR15B 

1 0 0 0 WR8A RR8A 

1 0 0 1 WRQ RR9A (WR3A) 
1 0 1 0 WR10A RR10A 

1 0 1 1 WR11A RR11A (WR10A) 
1 1 0 0 WR12A RR12A 

1 1 0 1 WR13A RR13A 

1 1 1 0 WR14A RR14A (WR7A) 
1 1 1 1 WR15A RR15A 


If both bits DO and D2 of WR15 are set to “1” and D6 of 
WR7’ is set to “1,” then the Z85C30 register map is as 


shown in Table 6. 





1-310 


Z85C30 


Table 6. SDLC/HDLC Enhancements and 10 x 19 Bit FIFO Enabled 


A/B PNT2 PNT: PNTo Write Read 

0 0 0 0 WROB RROB 

0 0 0 1 WR1B RR1B 

0 0 1 0 WR2 RR2B 

0 0 1 1 WR3B RR3B 

0 1 0 0 WR4B RR4B (WR4B) 
0 1 0 1 WR5B RR5B (WR5B) 
0 1 1 0 WR6B RR6B 

0 1 1 1 WR7B RR7B 

1 0 0 0 WROA RROA 

1 0 0 1 WR1A RR1A 

1 0 1 0 WR2 RR2A 

1 0 1 1 WR3A RR3A 

1 1 0 0 WR4A RR4A (WR4A) 
1 1 0 1 WRS5A RR5A_ (WR5A) 
1 1 1 0 WR6A RR6A 

1 1 1 1 WR7A RR7A 

With the Point High command: 

0 0 0 0 WR8B RR8B 

0 0 0 1 WR9Q RRQ (WR3B) 

0 0 1 0 WR10B RR10B 

0 0 1 1 WR11B RR11B (WR10B) 
0 1 0 0 WR12B RR12B 

0 1 0 1 WR13B RR13B 

0 1 1 0 WR14B RR14B (WR7’B) 
0 1 1 1 WR15B RR15B 

1 0 0 0 WR8A RR8A 

1 0 0 1 WR9Q RR9A (WR3A) 
1 0 1 0 WR10A RR10A 

1 0 1 1 WR11A RR11A_ (WR10A) 
1 1 0 0 WR12A RR12A 

1 1 0 1 WR13A RR13A 

1 1 1 0 WR14A RR14A (WR7’A) 
1 1 1 1 WR15A RR15A 


Auto RTS Reset 


On the CMOS ESCC, if bit DO of WR15 and bit D2 of 
WR’7’ are Set to “1” and the channel is in SDLC Mode, the 
RTS pin may be reset early in the Tx Underrun routine 


and the RTS pin will remain active until the last zero bit of 


Data Being Sent ———> 





Tx Underrun/EOM 


RTS Bit D1 WR5 


RTS Pin (Active LOW) 


| Data CRC 


the closing flag leaves the TxD pin as shown in Fig— 
ure 16. Note that in order for this to function properly, 
bits D3 and D2 of WR10 must be set to “1” and “0” 
respectively. 


CRC 












DFO06360 


Figure 16. Auto RTS Reset Mode 
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CRC Character Reception 

NMOS Z8530H 

Onthe NMOS 8530H , when the end-of-frame flag is de- 
tected, the contents of the Receive Shift Register are 
transferred to the Receive Data FIFO regardless of the 
number of bits accumulated. Because of the 3-bit delay 
between the Receive SYNC Register and Receive Shift 
Register, the last two bits of the CRC check character re- 
ceived are never transferred to the Receive Data FIFO. 
Thus, the received CRC characters are unavailable for 
use. 


Residue 
Code 


O12 
001 


Lo [p |p |p {b Joole: [ee | 
[Cs] Cel Cr [Cs [Cs [Grol CrifCx 
[s| Cal Col Grif Ciel Cro] Cra Crs 
Ee 












Residue 
Code 












roto fester |cs|cs ox fes 
Cis | 
a ea 


CMOS Z85C30 

On the Z85C30, the option of being able to receive the 
complete CRC characters generated by the Transmitter 
is provided when both bit DO of WR15 and bit D5 of WR7’ 
are set to “1.” When these two bits are set and an end-of- 
frame flag is detected, the last two bits of the CRC will 
be clocked into the Receive Shift Register before its 
contents are transferred to the Receive Data FIFO.The 
data-CRC boundary and CRC character bit formatsfor 
each Residue Code provided is shown in Figures17A 
through 17D for each character length selected. 


Residue 
Code 


101 


(ol p/p |p |p |p |cofcs | 
ToT cel cr[catcs {ce [cs [ce | 
eee nereeaes 
[Cal Col Cro Cr] Cre Cro] Cul Cre 
Fe ns a ee La 















Residue 
Code 






ro TD Pp [clerics los lea 
Cal Cal Ca] Cs [CoCr [Co [Co | 
PCr Cel Co [Grol Cr] Cre] Cra] Cr 







Residue 
Code 






I PEGE GACH CAG 
| Ci} Ca} Ca | Ca [Cs [Ce [Cr [Ce 
| Cal Cr} Ce | Co [Cro] Crs Cra] Crs 
| Ca} Ca} Crof Crs] Cra} Crs] Cra] Crs, 







10216A-015A 
TB001170 


Figure 17A. 5 Bits/Character 
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Residue 








10216A-016A 
TB001180 


Figure 17B. 6 Bits/Character 
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Residue 


Residue 


Code 


Code 


100 


111 





< 
Nn 
oo 
° 
< 
© 
pad 
N 
© 
. oad 


TBO01190 





Figure 17C. 7 Bits/Character 
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Residue Residue 
Code Code 


011 (No Residue) 111 (1 Residue Bit) 


| D | Col Ci |C2|Ca {Cz [Cs | Ce | 
Cis 
[ee Cie sen (ST a 









Residue Residue 
oe Code 
000 (2 Residue Bits) “100 (3 Residue Bits) 








Residue Residue 
Code code 
aT (4 Residue Bits) 110 (5 Residue Bits) 


|D| DD | 
Cro 
Cis 








ae a ee ee ee 
Residue Residue 
code Code 
001 (6 Residue Bits) le (7 Residue Bits) 
1D{|D |{D [D {[D |Co|c: | -D{DID [D [D [D [D |Co_ 
Ca | 
Cis 
a ae as ee a ee 
10216A-018A 
TBO001-200 


Figure 17D. 8 Bits/Character 
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Auto Flag Mode 


On the NMOS Z8530H, if the transmitter is actively mark 
idling and a frame of data is ready to be transmitted, the 
MARK/FLAG idle bit must be set to “O” before data is writ- 
ten to WR8, otherwise the opening flag will not be sent 
properly. However, care must be exercised in doing this 
because the mark idle pattern (eight “1” bits) is transmit- 
ted eight bits at a time, and all eight bits must have trans- 
ferred out the Transmit Shift Register before a flag may 
be loaded and sent. If data is written into the Transmit 
Buffer (WR8) before the flag is loaded into the Transmit 
Shift Register, the data character written to WR8 will su- 
persede flag transmission and the opening flag will not 
be transmitted. 


On the CMOS Z85C30, if bit D0 of WR15 is set to “1,” and 
the ESCC is programmed for SDLC operation, an option 
is provided via bit DO of WR7’ that eliminates this require- 
ment. If bit DO of WR7’ is set to “1” and a character is writ- 
ten to the Transmit Buffer while the Transmitter is mark 
idling, the Mark/Flag Idle bit in WR10 need not be reset to 
“0” in order to have the opening flag sent because the 
Transmitter will automatically send it before commenc- 
ing to send data. 


In addition, as long as bit DO of WR15 and bit D1 of WR7’ 
are set to “1,” the CRC transmit generator will be auto- 
matically preset to the initial state programmed by bit D7 
of WR10 (so the Reset Tx CRC Generator command is 
also not necessary), and the Tx Underrun/EOM latch will 
be reset automatically on every new frame sent. This en- 
sures that an opening flag and proper CRC generation 
and transmission will always be sent without processor 
intervention under varying bus latency conditions. 


Auto Transmit CRC Generator Preset 


The NMOS Z8530H does not automatically preset the 
CRC generator prior to frame transmission. This must be 
done in software, usually during the initialization routine. 
This is accomplished by issuing the Reset Tx CRC Gen- 
erator Command via WRO. For proper results, this com- 
mand must be issued while the transmitter is enabled 
and idling and before any data are written to the Transmit 
Buffer. 


In addition, if CRC is to be used, the transmit CRC gen- 
erator must be enabled by setting bit DO of WR85 to “1.” 
CRC is normally calculated on all characters between 
opening and closing flags, so this bit should be set to “1” 
at initialization and never changed. 


On the CMOS Z85C30, setting bit DO of WR15 to “1” will 
cause the transmit CRC generator to be preset automati- 
Cally every time an opening flag is sent, so the Reset Tx 
CRC Generator Command is not necessary. 


Auto Tx Underrun/EOM Latch Reset 


On the ESCC, the transmission of the CRC check char- 
acters is controlled by the Transmit CRC Enable bit in 
WR5 (DO) and the Tx Underrun/EOM bit in RRO (D6). 
However, if the Transmit Enable bit is set to “O” whena 
transmit underrun (i.e., both the Transmit Buffer and 
Transmit Shift Register go empty) occurs, the CRC 
check characters will not be sent regardless of the state 
of the Tx Underrun/EOM bit. 


If the Transmit Enable bit is set to “1” when an underrun 
occurs, then the state of the Tx Underrun/EOM bit and 
the Abort/Flag on Underrun bit in WR10 (D2) determine 
the action taken by the Transmitter. The Abort/Flag on 
Underrun bit may be set or reset by the processor, 
whereas, the Tx Underrun/EOM bit is set by the Trans- 
mitter and can only be reset by the processor via the Re- 
set Tx Underrun/EOM Command in WRO. 


If the Tx Underrun/EOM bitis set to “1” when an underrun 
occurs, the Transmitter will close the frame by sending a 
flag; however, if this bit is set to “O,” the frame data will be 
appended with either the accumulated CRC characters 
followed by a flag or an abort pattern followed by a flag, 
depending on the state of the Abort/Flag on Underrun bit 
in the WR10 (D2). In either case, after the closing flag is 
sent, the Transmitter will idle the transmission line as 
specified by the Mark/Flag Idle bit D3 in WR10. 


Hence, if the CRC check characters are to be properly 
appended to a frame, the Abort/Flag on Underrun bit 
must be set to “0,” and the Reset Tx Underrun/EOM 
Command must be issued after the first but before the 
last character is written to the Transmit Buffer. This will 
ensure that either an abort or the CRC will be transmitted 
if an underrun occurs. Normally, the Abort/Flag on Un- 
derrun bit in WR10 should be set to “1” around the same 
time that the Tx Underrun/EOM bit is reset so that an 
abort will be sent if the transmitter accidentally under- 
runs, and then set to “O” nearthe end of the frame to allow 
the correct transmission of CRC. 


On the Z85C30, if bit DO of WR15 is set to “1,” the option 
of having the Tx Underrun/EOM bit reset automatically at 
the start of every frame is provided via bit D1 of WR7’. 
This helps alleviate the software burden of having to re- 
spond within one character time when high-speed data 
are being sent. 


SDLC/HDLC NRZI Transmitter Disabling 

On the NMOS Z8530H, if NRZI encoding is being used 
and the Transmitter is disabled, the state of the TxD pin 
will depend on the last bit sent. That is, the TxD pin may 
either idle in a Low or High state as shown in Figure 18. 
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On the CMOS Z85C30, an option is provided that allows 
setting the TxD pin High when operating in SDLC Mode 
with NRZI encoding enabled. If bit DO of WR15 is set to 
“1," then bit D3 of WR7’ can be used to set the TxD pin 
High. Note that the operation of this bit is independent of 
the Tx Enable bit in WR5. The Tx Enable bit in WR8S is 
used to disable and enable the transmitter, whereas bit 
D3 of WR7’ acts as a pseudo transmitter disable and en- 
able by just forcing the TxD pin High when set even 
though the transmitter may actually be mark or flag 
idling. Care must be used when setting this bit because 
any character being transmitted at the time this bit is set 
will be “chopped off,” and data written to the Transmit 
Buffer while this bit is set will be lost. 


When the transmit underrun occurs and the CRC and 
Closing flag have been sent, bit D3 can be set to pull TxD 
High. When ready to start sending data again this bit 
must be reset to “O” before the first character is written to 
the Transmit Buffer. Note that resetting this bit causes 
the TxD pin to take whatever state the NRZI encoder is in 
at the time so synchronization at the Receiver may take 
longer because the first transition seen on the TxD pin 
may not coincide with a bit boundary. Note that in order 
for this to function properly, bits D3 and D2 of WR10 must 
be set to “1” and “0” respectively. 





Transmitter Disabled Here ——+| 


TxD Pin Output (NRZ! Encoded) 


Hi | 
Lo 


10216A-019A 
DF006280 


Figure 18. Transmitter Disabling with NRZI Encoding 


Interrupt Masking Without INTACK 


The NMOS Z28530H's ability to mask lower priority inter- 
rupts is done via the IUS bit. This bit is internal to the SCC 
and is not observable by the processor. Being able to 
automatically mask lower priority interrupts allows a 
modular approach to coding interrupt routines. However, 
using the masking capabilities of the NMOS SCC re- 
quires that the INTACK cycle be generated. In stand- 
alone applications, having to generate INTACK through 
external hardware in order to use this capability is an un- 
necessary expense. 


On the CMOS 285C30, if bit D5 in WR¢9 is set to “1,” the 
INTACK cycle does not need to be generated in order to 
have the IUS bit set. This allows the user to respond to 
ESCC interrupt requests with a software acknowledg- 
ment through RR2. When bit D5 in WR¢9 is set and an in- 
terrupt occurs, aread to RR2 emulates a hardware Inter- 
rupt Acknowledge cycle as it functions in Vectored Mode. 
Inthis case the CPU must first read RR2 to determine the 
internal interrupt source and then jump to the appropriate 
interrupt routine. Reading RR2 sets the IUS bit for the 
highest priority IP. After the interrupting condition is 
cleared, the routine can then read RR3 to determine if 
any other IPs are set and clear them. At the end of the in- 








terrupt routine, a Reset |US Command must be issued to 
unlock the internal daisy chain. 


Since the CPU can acknowledge the ESCC of highest 
priority with a read of its RR2 interrupt vector, there is no 
need for an external daisy chain. IEI for all ESCC devices 
should be tied active HIGH. When acknowledging an 
ESCC interrupt request, the CPU must issue one read to 
RR2 per interrupt request. The modified interrupt vector 
can be read from Channel B, or the original vector stored 
in WR2 can be read from Channei A. Either action will 
produce the same internal actions on the IUS logic. Note 
that the No Vector and Vector Includes Status bits in 
WR¢9 are ignored when bit D5 in WR9 is set to “1.” 


2 Mb/s FM Data Transmission and Reception 


The 16-MHz version of the CMOS 285C30 (Z85C30-16) 
is capable of transmitting and receiving FM-encoded 
data at the’rate of 2 Mb/s. This is accomplished by apply- 
ing a 32-MHz clock to the RTxC pin and assigning this 
waveform to drive the Internal Digital Phase Locked 
Loop (DPLL) clock. This feature allows the user to send 
both clock and data information over the same line at 
2 Mb/s and can eliminate external DPLLs required for 
high-speed NRZ data clock generation. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +150°C 
Voltage at any Pin 
Relative to Vss —0.5 to+7.0V 


Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent device failure. 
Functionality at or above these limits is not implied. Ex- 
posure to absolute maximum ratings for extended peri- 
ods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Ambient Temperature (Ta) 0 to +70°C 

Supply Voltage (Vcc) +5V+10% 
Industrial (1) Devices 

Ambient Temperature (Ta) —40 to +85°C 

Supply Voltage (Vcc) 5V+10% 
Military (M) Devices 

Case Temperature (Tc) —55° to 125° 

Supply Voltage (Vcc) 5V+10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 





DC CHARACTERISTICS over operating range 


Parameter Parameter 
Symbol Description Test Conditions Min. Max Unit 
Vin Input HIGH Voltage Commercial 2.2 Vcc +0.3" V 
Vit Input LOW Voltage —0.3° 0.8 V 
Vout Output HIGH Voltage loo = —1.6mA 2.4 V 
Voue2 Output HIGH Voltage lon = —250 pA Vec—0.8 V 
Voi Output LOW Voltage lo. = +2.0mA 0.4 V 
li Input Leakage 04V<sVns24V +10.0 pA 
low Output Leakage 0.4V <Vours2.4V +10.0 pA 
Ice1 Vcc Supply Current 8.192 MHz 18 mA 
10 MHz Inputs at 18 mA 
12 MHz voltage rails, 22 mA 
16.384 MHz output unloaded 22 mA 
20 MHz 30 mA 
Cin Input Capacitance Unmeasured pins returned 10 pF 
Court Output Capacitance to ground! = 1 MHz over 15 pF 
Cmo Bidirectional Capacitance — specified temperature range 20 pF 


*V,, Max. and V, Min. not tested. Guaranteed by design. 


Standard Test Conditions 


The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All voltages 
are referenced to GND. Positive current flows into the 
referenced pin. Standard conditions are as follows: 


+4.5V< Veco <s4+5.5V 


GND = OV 
0°C < Tas 70°C 





SWITCHING TEST CIRCUITS : 
Standard Test Dynamic Load Circuit 








lbtp=2mA 


Threshold 


Voltage From Output 


Under Test 


p7seF 


low = 250 pA 


Vp=1.4V 


10216A—21A 
TC004800 


Open-Drain Test Load 


+5 V 


2.2K 


From Output 
Under Test 


75 rT 


TC001833 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range 
General Timing (see Figure 19) 


Parameter Parameter | 8.192 MHz | 10MHz | 12.5 MHz 
No. Symbol Description | Max. | |Max. | Min. | Unit 
































1 | TdPC(REQ) PCLK | to WREG Valid Delay | | 250 | ~— | ts0 | sf 120 ‘| nsec 
2 TdPC(W) PCLK 1 to Wait InactiveDelay | == | 350 } ~~ | 250 | — | 220 | nsec 
3 TsRXC(PC) RxC T to PCLK T Setup Time NA NA | NA 
Notes 1,4&8 
4 | TsRXD(RXCr) RxD to RxC T Setup Time _ nsec 
| (XI Mode) (Note 1) ! | ! 
5 ThRXD(RXCr) RxD to RxC T Hold Time | 100 nsec 
(XI Mode) (Note 1) 
6 TsRXD(RXCf) RxD to RxC J Setup Time nsec 
X! Mode) (Notes 1,5 
7 | ThRXD(RXCH) RxD to RxC J Hold Time 150 125 nsec 
XI Mode) (Notes 1,5) 
8 TsSY(RXC) SYNC to RxC T Setup Time Sz -150 Ee nsec 
Note 1 
9 | ThSY(RXC) SYNC to Rx T Hold Time S5TcPC = 5TcPC Lo 5TcPC = nsec 
(Note 1) : 
Notes 2,4&8 
11 TdTXCf(TXD) TxC J to TxD Delay (XI Mode) 150 130 nsec 
(Note 2 
12 TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 200 150 130 nsec 
| (Notes 2, 5) | 
13 TdTXD(TRX) TxD to TRxC Delay 140 120 nsec 
(Send Clock Echo) 
14a_ | TwRTXh RTxC HIGH Width (Note 6 | 150] | 120] + &| 100] ~~ ‘| nsec 
14b | TwRTxh(E) RTxC HIGH Width (Note 9) | so} | 40{ | 34] | nsec 
15a_| TwRTXI RTxC LOW Width (Note 6) 150} | 120] | 100] ~— ‘| nsec 
15b | TwRTXI(E RTxC LOW Width (Note 9 | 50] | 40{ | 34] ~~ | nsec 
16a_| TcRIX RTxC Cycle Time (Notes 6, 7) 488 Fo. ll 400 he 320 P| nsec 
16b TcRTx(E RTxC Cycle Time (Note 9 | 4125) {| t00{ | so] | nsec 
17 TcRIXX Crystal Oscillator Period (Note 3)|_ 125 | 1000 1000 | 80 | 1000 | nsec 
18 | TwTRXh TRxC HIGH Width (Note 6 10} | 120{ | too] | nsec 
19 | TwTRXI TRxC LOW Width (Note 6) | 150{ =| 120] | 100] ~~ | nsec 
20 | TcTRX TRxC Cycle Time (Notes6,7) | 488{ | 400] | 320{ | nsec 
21 | TwEXT DCD or CTS Pulse Width | 200; | 120{ | 100] ‘| nsec 
22 SYNC Pulse Width [200[ [120] too [| nsec 





Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 

. Both RTxC and SYNC have 30-pF capacitors to ground connected to them. 

. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 
RxC and PCLK or TxC and PCLK is required. 

. Parameter applies only to FM encoding/decoding. 

. Parameter applies only for transmitter and receiver, DPLL and baud rate generator timing requirements are identical 
to chip PCLK requirements. 

. The maximum receive or transmit data is 1/4 PCLK. 

. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 


on & GNM 


on 


TRxC and RTxC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpc. 


Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges 
should be referenced at the point at which the transition begins or ends, whichever is worst case. 
. ENHANCED FEATURE— RIxC used as input to internal DPLL only. 


oO 
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SWITCHING CHARACTERISTICS over COMMERCIAL 
General Timing (see Figure 19) 


operating range (continued) 





Parameter | Parameter 16.384 MHz 20 MHz 
No. | __ Symbol Description | Min. | Max. | Min. | Max. | Unit 
1 | TdPC(REQ | PCLKLtoWREGValidDelay | | go | | 7 ~~ | nsec 
2 | TdPC(W PCLK lto Wait InactiveDelay | = =| 180 | ~~ ~~'| 170 | nsec 
3 TsRXC(PC) RxC T to PCLK T Setup Time . NA | NA NA 
| (Notes 1,4&8 | _ 
4 | TsRXD(RXCr) RxD to RxC T Setup Time nsec 
(Xi Mode) (Note 1) 
5 ThRXD(RXCr) | RxD to RxC T Hold Time 45 nsec 
| (Xl Mode) (Note 1) | 
6 TsRXD(RXCf) RxD to RxC | Setup Time nsec 
Xl! Mode) (Notes 1,5 | | . 
7 | ThRXD(RXCF) RxD to Rx J Hold Time — 45 nsec 
| (XI Mode) (Notes 1, 5) | 
8 TsSY(RXC) SYNC to RxC T Setup Time | —100 nsec 
(Note 1) . | | 
9 ThSY(RXC) SYNC to RxC T Hold Time 5TcPc 5TcPc | nsec 
| | (Note 1) | | | | 
10 | TsTXC(PC) TxC LtoPCLKT Setup Time | NA Lo NA 
Notes 2,4 & 8 | 
11. | TdTXCf(TXD) TxC | to TxD Delay (XI Mode) | 70 nsec 
__{ (Note 2 | | | 
12 | TdTXCr(TXD) | TxC T to TxD Delay (XI Mode) Pe eae nsec 
| | (Notes 2, 5) | | 
13 TdTXD(TRX) TxD to TRxC Delay | 70 nsec 
| (Send Clock Echo) | | | 
14a_| TwRTXh RIxC HIGH Width (Note 6 | 80] | 70 | {nsec 
145 | TwRTxh(E RTxC HIGH Width (Note 9 | i6{ €£$ | 156] | nsec 
15a | TwRTXI | RTxC LOW Width (Note 6) / sof {| 7 | {nsec 
15b | TwRTXW(E RTxC LOW Width (Note 9 Rs i ee 
16a_| TcRTX | RTxC Cycle Time (Notes 6,7) | 244 | = | ~=200 | Ss |_—sinsec 
16b | TcRTx(E) _ RTxC Cycle Time (Note9) | 31.25] == | 31.25] ~~ | nsec 
17 TcRTXX | Crystal Oscillator Period (Note 3 1000 | 50 | 1000 ‘| nsec 
18_| TwTRXh |_TRxC HIGH Width (Note 6 = a ee ee ee 
19_| TwTRxI | TRxCLOW Width (Note6) {| 80 | | 0 | sec 
20__| TeTRX TRxC Cycle Time (Notes6,7) | 244 | sss | 200 | nsec 
21__| TwEXT | DCD or CTS Pulse Width Ee ee 
22 | TwsY | SYNC Pulse With [7 [| 5 |_| nsec 
Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both RTxC and SYNC have 30-pF capacitors to ground connected to them. 
4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 
RxC and PCLK or TxC and PCLK is required. 
5. Parameter applies only to FM encoding/decoding. 
6. Parameter applies only for transmitter and receiver, DPLL and baud rate generator timing requirements are identical 
to chip PCLK requirements. 
7. The maximum receive or transmit data is 1/4 PCLK. 
8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 
TRxC and RIXC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpc. 
Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges 
should be referenced at the point at which the transition begins or ends, whichever is worst case. 
9. ENHANCED FEATURE— RIxC used as input to internal DPLL only. 
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SWITCHING TEST INPUT/OUTPUT WAVEFORM 


24V 
ye > es —" a ‘ 
ar Points 
0.4V 0.8V “ene 0.8 V, 


WR006354 











AC testing: Inputs are driven at 2.4 V for a logic “1” and 0.4 V for a logic “0.” 
Timing measurements are made at 2.0 V for a logic “1” and 0.8 V for logic “O.” 


pom “uy Nae NF “7 NF NT 
! 
WREQ -————___—__————_— | 
Request | | 
WIREQ | 
Wait 
l 


RTxC, TRxC 
Receive 


RxD 


SYNC 
External 
TRxC RIxC r 
Transmit 
TxD Y x 
| 
TRxC 
Output 


RTxC | 








| WF005951 


Figure 19. General Timing 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
System Timing (see Figure 20) 
12.5 MHz 


Parameter Parameter 8.192 MHz 
No. | _ Symbol Description | _Min.|Max. | Min.| Max. | Min.| Max. | Unit 
1 | TaRXC(REQ) | AXC T WREO Valid Delay 2 [| ef | a) 12 | TePc 
Note 2 
8 


2 TdRXC(W) RXC T to Wait Inactive Delay 8 | 14 8 | 14 14. | TcPc 
(Notes 1, 2) | 

3 | TdRXC(SY) RxCTt to SYNC Valid Delay TcPe 
(Note 2) 

4 | TdRXC(INT) RxC T to INT Valid Delay 16 | TePc 
Notes 1, 2 

5 | TdTXC(REQ) TxG T to WREQ Valid Delay eee ee eee | TcPe 
Note 3 

6 TdTXC(W) TxC J to Wait Inactive Delay Ee ee eee | TcPc 
(Notes 1, 3) 1 

7a | TdTXC(DRQ) TxC J to DTRVREQ Valid Delay TcPc 
(Note 3) 

7b | TdTXC(EDRQ) TxC J to DIR/REQ Valid Delay [ee ee ee TcPc 
Notes 3, 4 | | 

8 TdTXC(INT) TxC J to INT Valid Delay 10 . 10 10 | TcPc 
(Notes 1,3 

9 TdSY(INT) SYNC Transition to INT Valid 2 2 TcPc 

_| Delay (Note 1) _ | 

10 | TdEXT(INT) DCD or CTS Transition to INT TcPe 

Valid Delay (Note 1) 
Parameter Parameter | 16.384 MHz | 20MHz 

1 TdRXC(REQ) RXC T WREO Valid Delay 12 | 12 TcPc 
(Note 2) | | 

2 | TdRXC(W) RXG T to Wait Inactive Delay Ce ee ee TcPc 
Notes 1, 2 
Note 2 | 

4 | TdRXC(INT) RKC T to INT Valid Delay Pe ae Ae a TcPe 
Notes 1, 2 ; 

5 | TdTXC(REQ) TxC J to WREQ Valid Delay Pe ee ee TePc 
Note 3 

6 TdTXC(W) TxC | to Wait Inactive Delay Ce ee ae TcPe 
Notes 1,3 

7a | TdTXC(DRQ) TxC | to DIFRVREO Valid Delay TcPc 
Note 3 

7b | TdTXC(EDRQ) TxC | to DIFRVREQ Valid Delay Lee eee ed TcPe 

_| (Notes 3,4 

g | TdTXC(INT) TxG J to INT Valid Delay te ee TePe 
Notes 1,3 

9 | TdSY(INT) SYNC Transition to INT Valid ed a TcPc 
Delay (Note 1 | 

10 | TdEXT(INT) DCD or CTS Transition to INT TePc . 

Valid Delay (Note 1 | 


Notes: 1. Open-drain output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
4. Parameter applies to Enhanced Request mode only. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Read and Write Timing (see Figure 21) 














| Parameter | Parameter | 8.192 MHz |  i10MHz | 12.5 MHZ | 
No. Symbol Description | Min.| Max. | Min.| Max. [| Min.| Max. | Unit 
1_[tweci | PoikLowwieth_ |_| 2000 | 40 |2000 | 34 |2000_| nsec 
2 | TwPCh | PCLKHIGH Width | 50 | 2000 | 40 | 2000 | 34 [2000 | nsec 
3.) TPC | PCLKFallTime tt 10sec 
4 [Tec | PCLKRiseTime ————s«| ~——~«i| ts | | 12 |_| 10 | nsec 
S| ToPC | ~PCLKCycleTime 122) 4000 | 100 {4000 | 80 [4000 | nsec 
6_| TsA(WR) | AddresstoWR1SetupTime | 7o| = | so] | 45 | nsec 
8_| TsA(RD) | AddresstoRD 1 SetupTime | _7o| | so] | 45 | nsec 
9 | ThA(RD) __|_AddresstoRDTHoldTime | o | | o | | o | | nsec 
10 INTACKtoPCLKTSetupTime | 20] | 20] | 15 | | nsec 
11 | TslA(WR) ay eae ine el se ee nsec 
ote 
42 | ThiAWR) | INTACKtoWRTHoldTime | oo | | Co | CT Ct nsec 
i od sd 
ote 
14_| ThIA(RD) __| INTACKtoRDTHoldTime = | of | o | | o | | nsec 
15_| Thia(pcy | _INTACKtoPCLKTHoldTime | 4o{ | 30] =| 20 | nsec 
16_| TsCEKWR) | CELOWtoWRISetupTime | o | | o | [| o | | nsec 
17_| ThCEWR) | CEtoWRTHoldTime ss | co | | lo | UT | nsec 
18_| TsCEh(WR) | CEHIGHtoWR1SetupTime | 6o{ | sot | 40] | nsec 
i inal = inane Md EE 
ote 
20_| ThCE(RD) | CEtoRDTHoldTime(Notet) | of | o | | o | | nsec 
i Basecccdele OE  teecbinaakiccoe Maves MII nd IT Biol TR fe 
ote 
22 | TwRDI | RDLOWWidth (Note1) | t50] | 25} | go | nsec 
23_| TdRD(DRA) | RDJtoReadDataActiveDelay | o | | o | | o | | nsec 
24 | TARD(OR) | RO TtoReadDataNot Valid Delay} o | | o | | o | | nsec 
25 | TARD(DR) _| RDitoReadDataValidDelay | | 140 | | 120 | | 85 nsec 
gi Rican 8" emetic WEEE Halk IE Kill I Beall Ti 
ote 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC Load and 
minimum AC load. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Read and Write Timing (see Figure 21) 


No. 


OLPOIN ia); oi] & 1 Giro] — 


wk | A 
iO 


12 
13 


15 
16 
17 
18 
19 

















Parameter Parameter | 16.384 MHz | 20MHz 
Symbol Description [win. [Max | Min. | Max. 
|twrect | PetKLowwidth | 26 | 2000 =| 22 | 1000 
| TwPCh | PCLKHIGHWidth =| 26] 2000 S| S22 | 1000 CT 
PCLK Fall Time ne eee ee ee 
POLK Rise Time oe 
| TcPC =———S&Y|_SséPC LK Cycle Time 61 4000 50 2000 
| TsA(WR) _—|_—AddresstoWRSetupTime =| = 35 | | 8 
| ThAWR) | AddresstoWRTHoldTime =| =o] | 
| TsA(RD) | AddresstoRD J SetupTime = | 35 | | 8 
| ThA(RD) |, AddresstoRD THoldTime {| Ot 
| TsiA(PC) | INTACKtoPCLKTSetupTime | 15 | | 5 OT 
Bill Relais a A 
ote 
| ThIA(WR) |_INTACKtoWRTHoldTime =| =o] CC 
Binal Geikccida  E 
ote 
| ThIA(RD) | INTACKtoRDTHoldTime =| o | =| o | 
| ThIA(PC) | INTACKtoPCLKTHoldTime | 15 =| | 15 | 
| TsCE(WR) | CELOWtoWRJSetupTime | oF | | o | 
| ThCEWR) | CEtoWRTHoldTime sss | | CS 
| TsCEh(WR) | CEHIGHtoWRiSetupTime | 30 | | 25 | 
leeaacall leedieac hl RL 1 
ote 
| ThCE(RD) _| CEtoRDTHoldTime(Notet) | 0 | | Oo | 
Rsesnecll alibi MA RM io 
ote 
| TwRoi | ~ROLOWWidth(Notet) =| 5 | | 
| TARD(DRA) | RD ttoReadDataActiveDelay | Oo | =| 0 | 
| TARDX(DR) | RD TtoReadDataNotValidDelay}| oOo | | oO | 
| TARDK(DR) | RDitoReadDataValidDelay | = | 7o | | 60 
ote 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and 
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minimum AC load. 


Z85C30 


Unit 


nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 


nsec 
nsec 


nsec 
nsec 
nsec 
nsec 
nsec 
nsec 


nsec 
nsec 


nsec 
nsec 
nsec 
nsec 
nsec 


RTxC TRxC 
Receive | 
W/REQ \ 
Request | 
W/REQ ! 
Wait l 


| 
meme \ fff 
Transmit 
W/REQ | \ 
Request | 


W/REQ | /\ 
Wait | © | 


DTR REQ 
Request 





WF005961 


Figure 20. System Timing 





Z85C30 1-325 


PCLK 


AJB, D/C 





DO0—D7 
Read 


WR 


DO-D7 
Write 


W/REQ 
Wait 


WREQ 
Request 


DTRVREQ 
Request 


a 


aa’ 





WF006003 


Figure 21. Read and Write Timing 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24) 


| Parameter | Parameter | 8.192 MHz | 40MHz | 12.5 MHz 








wo| “Some | ——certen ai ep n] o 
[on eee et el ee 
Data Valid Delay 
28 | TwWRi | WRLOWWith 50} S| 15} S| 0 nsec 
29 | TAWRKDW) | WRitoWriteDatavalid  =Fs {| S| 95 | | 85 | 5 nsec 
30_| ThDW(WR) | WriteDatatoWRTHoldTime | of | o| | o| | nsec 
32 _| 170 | {| 100 | {70 | nsec 
33 | TdWRIREQ) | WRItoWREQNotValidDelay | | 170 | | 120 | | 100 | nsec 
34 | TdRDQREQ) | RDJtoW/REQNotValidDelay | | 170 | | 120 | | 100 | nsec 
35a_| TdWRr(REQ) | WRItoDTRREQNot Valid Delay | —|4.0TcPc|__—*|4.0TcPc|__—_—f4.0TcPc|_nsec 
35b_| TAWRr(EREQ) | WRItoDTR/REQNotValidDelay | =| 120 | =| 120 | | 100_| nsec 
36_| TdRD(REQ) | RDTDTRREQNotValidDelay | | NA | | NA | | _NA_| nsec 
37_| TdPC(INT) | PCLKJtoINT Valid Delay (Note2)|_ _—s | 500_| {| 400 | | _ 350 _| nsec 
38 INTACK to RD J (Acknowledge) i: A (cs i nsec 
Delay (Note 3 
39 | TwRDA | RD (Acknowledge) Width _—=——|_ 150] ~—s| 125] S| | nsec 
oe eee | | (=| 
Data Valid Dela 
; hater Ml A i) Wa Me 
ime 
ee tL ae 
ime 
43 | TdEWIEO) | IEltolEODelayTime ss] S| 95 | CSC] 80 | CS nsec 
44_| TdPC(IEO) | PCLKTtolEQDelay sss | S| 200 * | 75 | | 130_| nsec 
45_ | TdRDA(INT) | RD Jto INT Inactive Delay (Note2)}_ _—s| 450 | ~~ | 320 | | 260_|_ nsec 
46_| TdRD(WRQ) | ROTtoWRIDelayforNoReset_| 15] | 15] | 10] | nsec 
47_| TdWRQ(RD) | WRTtoRD!DelayforNoReset | 15] | 15]  ~=| 10| _—|_ nsec 
: i 
Reset 
A I ie i 
(Note 1) 


Notes: 1. Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 
2. Open-drain output, measured with open-drain test load. 


3. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of 
DdPC(IEO) for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdlEI(IEO) for each device 
separating them in the daisy chain. 


4. Parameter applies to Enhanced Request mode only. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24) 


Parameter Parameter | 16.384 MHz 
No. | Symbol Description | 


[Min | Max | Unt 
et ae ee 
| Data Valid Dela 3 al] | 
28 | TwwARl | WRLOWWith J) S| nsec 
29 | TAWRIDW) | WRitoWriteDataValid | Boel | 20 | nsec 
30_| ThDWWR) | Write DatatoWRT Hold Time _| eae | nsec 
31_| TAWR(W) | _WR4 to Wait Valid Delay (Note 2) _ | 50 | 45 | nsec 
32_| TARD(W) _|_RD 4 to Wait Valid Delay (Note 2) _| | 50 | 45 | nsec 
33 p03 | 65 | nsec 
34_| TdRD(REQ) | | | 65 _ nsec 
35a | TdWRr(REQ) 4.0TcPc | 4.0TcPc | nsec 
ote 
f= 160. 





lEl to RD J (Acknowledge) Setup 
Time | 


RD J to WREQ Not Valid Delay 
WR J to DTR/REQ Not Valid Dela 


00 

2 eet eae 
| 0 
ie secs 
Paces 
7o_ | 
a ae 
— 
a 
an ae 
ae eee 

0 ; 
ae ae 


| Min. | 
ae 
eaoaad 
a ae 
aa 
rer 
ae 
fee Scere 
a 
= 
[75 | 
beecee| 
at 
etd 
ee 


36_| TaRD(REQ) | RD 1 to DTR/REQ Not Valid Delay | 
37 | i75 | 60 nsec 
| Delay (Note 3 | 
39 | TwRDA____|_RD (Acknowledge) Width eee! |_| nsec 
__|_ Valid Dela 

| Time 
43 | TdlIEMIEO) | _IElto!EODelayTime nsec 
44 | so | | 70 nsec 
45 | TdRDA(INT) | RD J to INT Inactive Delay (Note 2) | 200 | __|__180_—| nsec 
46_| TdRD(WRQ) | _RD 1 to WR Delay for No Reset _| rs Ft Sas 
47_| TdWRQ(RD) | WRT to RD J Delay for No Reset _ P| to nsec 
I lk I Le 
' | Reset 

(Note 1) 


Notes: 1. Parameter applies only between transactions involving the ESCC. If WR/RD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 

. Open-drain output, measured with open-drain test load. 

. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of 
TdPC(IEO) for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEI(IEO) for each device 
separating them in the daisy chain. 


. Parameter applies to Enhanced Request mode only. 


WG fh 


ft 
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Figure 22. Reset Timing 





a ramen ERNE TEEN REDNTCN Oe 





wom SKY 


10216A-020A 
WF026351 


Figure 23. Cycle Timing 
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Figure 24. interrupt Acknowledge Timing 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range 
General Timing (see Figure 19) 


Parameter Parameter 8.192 MHz 10 MHz 
No. Symbol Description 


TdPC(REQ PCLK | to W/REQ Valid Dela 


1 
2 | TdPC(W PLCK J to Wait Inactive Dela | 350 
3 | TsRXC(PC) PxCT to PCLK t Setup Time NA NA | NA 
_ | |_ (Notes 1,4 & 8 | 
4 TsRXD(RXCr) RxD to Rx€ T Setup Time ae aes 
X! Mode) (Note 1 


5 ThRXD(RXCr) RxD to RxC T Hold Time 150 
(XI Mode) (Note 1) 


6 | TsRXD(RXCf) RxD to Rx | Setup Time 
X| Mode) (Notes 1, 5 


7 | ThRXD(RXCH) RxD to RxC J Hold Time 150 
: XI Mode) (Notes 1, 5) 
TsSY(RXC) SYNC to RxC T Setup Time 
(Note 1) 


9 ThSY(RXC) SYNC to RxC T Hold Time 5TcPc 
(Note 1) 


ce 
—_ 
Ol 
Oo 











Notes 2, 4 & 8 

ote 

Notes 2,5 | 
cae i 

(Send Clock Echo) | 
14a ee ae eae 
14> | TwRTXh(E) | RIXCHIGH Width (Noteg) =| 50 | | 0 
15a_| TwRTX! | RIKCLOWWidth (Notes) | 150 | | S120 | 
15b_| TwRIX(E) | RIXCLOWWidth (Note9) =| = 50. | CS | OC 
16a | TcRTX | RIC Cycle Time (Notes 6,7) | 488 | ~~ | ~— 400 || 
16b_| TcRTx(E) —ss| RIxCCycleTime(Note9) = | S125 | | 100 | 
17_| TXRTXX____|_Crystal Oscillator Period (Note 3)|__—-125_ | 1000 | —-100 _| 1000_ | 
18 | TwIRXh_ | TRXCHIGH Width (Note) = || 50 | | tO 
19 | TwIRXI | TRXCLOWWidth (Notes) =| 150 | | 120 | 
20 4s | =—Sss | ~—S 4oco || SCs 
21 | Twext | DCDorCTSPulsewidth ss | ~—s 200 || | tO || 
22 SYNC Pulse Width Ee a 


Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
. Tx€ is TRx€ or RTxC, whichever is supplying the transmit clock. 
. Both RTxC and SYNC have 30-pF capacitors to ground connected to them. 


& GO MY 


RxS and PCLK or TxC and PCLK is required. 
. Parameter applies only to FM encoding/decoding. 


o> am 64) 


to chip PCLK requirements. 
. The maximum receive or transmit data is 1/4 PCLK. 


Own 


TRxC and RIxC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpc. 


. External PCLK to RxC or Tx€ synchronization requirement eliminated for PCLK divide-by-four operation. 





Unit 


__nsec 


nsec 


nsec 
nsec 
nsec 
nsec 
nsec 


nsec 


nsec 
nsec 
nsec 


nsec 
nsec_ 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 


. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 


. Parameter applies only for transmitter and receiver, DPLL and baud rate generator timing requirements are identical 


Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges 


should be referenced at the point at which the transition begins or ends, whichever is worst case. 
. ENHANCED FEATURE— RTxC used as input to internal DPLL only. 


co 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 
General Timing (see Figure 19) 























| Parameter | Parameter | 125 MHz | 16.384 MHz | 
No. Symbol Description | Min. [ Max. | = Min. [| Max. =| Unit 
1_| tapo(REQ) —_| POLK LtoWREQValid Delay | Ss | 120_ | | 80 nsec 
2 | tdPcw) _—s| PLCK LtoWaitInactiveDelay | Ss} 220, =| S| 180 nsec 
i hieai Ee eri a 
| Notes 1,4&8 
X! Mode) (Note 1 
XI! Mode) (Note 1 
X| Mode) (Notes 1,5 
r [reoeer ae Tet TT 
X| Mode) (Notes 1, 5 
8 TsSY(RXC) NS Rx T Setup Time = as ae nsec 
ote 
9 | ThSY(RXC) SYNC to RxC T Hold Time 7. EL ae nsec 
ote 1 . 
ee i eal 
| Notes 2,4 & 8 
11 TxC | to TxD Delay (X! Mode) td 130 Cie | nsec 
ote 
12 | TdTXCr(TXD) TxC T to TxD Delay (XI Mode) nat Ae a nsec 
| (Notes 2, 5 
Send Clock Echo 
14a_| TwRTXh_ | RIKCHIGH Width (Notes) | too | | 8 | nsec 
14> | TwRTXh(E) __| RIKC HIGH Width (Note9) ss | 34 | CT 156 | nsec 
15a RTxC LOW Width (Note 6 | toot | to | see 
15b RTxC LOW Width (Note 9 p84 | 5 | nsec 
16a RIxC Cycle Time (Notes6,7) | 320 | | 244] ~~ | nsec 
16b RTxC Cycle Time (Note 9 | so | 825 nse 
17_| TXRTXX___|_ Crystal Oscillator Period (Note 3)}_ _—80_| 1000 | 62 _| 1000 | __ nsec 
18 TRxC HIGH Width (Note 6 too f | 80 | nsec 
19 TRXCLOW Width (Notes) | —s too. | | 80 nsec 
20 | TcTRX | TRC Cycle Time (Notes6,7) | 320 | | 244 || nsec 
21 DCD or CTS Pulse Width | too {| Ct Tins 
22 SYNC Pulse With P10 fi 0 Pid se 
Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both RTxC and SYNC have 30-pF capacitors to ground connected to them. 
4, Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 
RxC and PCLK or TxC and PCLK is required. 
5. Parameter applies only to FM encoding/decoding. 
6. Parameter applies only for transmitter and receiver, DPLL and baud rate generator timing requirements are identical 
to chip PCLK requirements. 
7. The maximum receive or transmit data is 1/4 PCLK. 
8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 


co 


TRxC and RTxC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpc. 


Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges 
should be referenced at the point at which the transition begins or ends, whichever is worst case. 


. ENHANCED FEATURE— RTxC used as input to internal DPLL only. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 


System Timing (see Figure 20) 


Parameter Parameter 8.192 MHz 10 MHz 

No. | __ Symbol Description | Min, | Max. | Min. | Max. | Unit 

1 | TdRXC(REQ) | RXO 1 WREO Valid Delay Pp 8 | 2 foe | 2 | TePe 
Note 2 

2 TdRXC(W) RXC T to Wait Inactive Delay Lo A ee eee | TcPc 
Notes 1, 2 
Note 2 

4 | TdRXC(INT) PxC T to INT Valid Delay [eh ee ae TcPc 
Notes 1, 2 

5 | TdTXC(REQ) | TxC to WREQ Valid Delay L_etre et ee Gl TcPc 
Note 3 | 

6 | TdTXC(W) TxC J to Wait Inactive Delay Mats ease TcPe 
Notes 1,3 

7a | TdTXC(DRQ) | TxC to DTR/REO Valid Delay Lo. ie eT TcPc 
Note 3 

7b | TdTXC(EDRQ) | Tx 1 to DIR/REO Valid Delay lS i es ee TcPc 
Notes 3, 4 

g | TdTXC(INT) Tx J to INT Valid Delay te ee eae TcPc 

Notes 1,3 

g | TdSY(INT) SYNC Transition to INT Valid Lee i ee TcPe 
Delay (Note 1 

10 | TdEXT(INT) DCD or CTS Transition to INT TcPc 

| Valid Delay (Note 1 
Parameter Parameter | 125 MHz | 16.384 MHz 

1 | TaRXc(REQ) | AXC T WAREO Valid Delay | 8 | ze] 8 [oe TcPe 
Note 2 

2 TdRXC(W) RXC T to Wait Inactive Delay ek ae ee TcPe 

: wOoTeS ; 

3 | TdRXC(SY) PxCT to SYNC Valid Delay TcPe 
Note 2 

4 | TdRXC(INT) PKC T to INT Valid Delay i oe ee TcPe 
Notes 1,2 | | 

5 | TdTXC(REQ) | TxC to WREO Valid Delay ee ee TcPe 
Note 3 

6 TdTXC(W) TxC J to Wait Inactive Delay Loe eT ee TcPc 
Notes 1,3 

7a | TdTXC(DRQ) | TxCLto DIFVREQ Valid Delay ioe He ee eae TcPc 
Note 3 

7d | TdTXC(EDRQ) | TxC l to DIRVREQ Valid Delay TcPc 
(Notes 3, 4) 
Notes 1, 3) ; 

9 | TdSY(INT) SYNC Transition to INT Valid Ee ee TcPc 
Delay (Note 1 

10 | TdEXT(INT) DCD or CTS Transition to INT TcPc 
Valid Delay (Note 1) 


Notes: 1. Open-drain output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
4. Parameter applies to Enhanced Request mode only. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 
Read and Write Timing (see Figure 21) 




















| Parameter | Parameter | 8.192 MHz | 10M 
No. Symbol Description | Min. =| Max. | Min. | Max. | Unit 
1_|twect | PcikLowwidn | 501000 nsec 
2 | TweCh | PCLKHIGHWidth | 501000 nsec 
3 | TPC | PCLKFaliTime | 2 nsec 
5 | TePC | PCLKCycleTime S| 122 | 2000100 nsec 
6 | TsA(WR) | AddresstoWRISetupTime | 70 | ~~ | 50 | nsec 
7_| Thar) __|_AddresstoWRTHoldTime | 90 | =| o | | nsec 
g_| TsA(RD) _|_ AddresstoRD J SetupTime | —77_—| | 50S nsec 
9 | ThA(RD) __| AddresstoRD THoldTime | =o =| | nsec 
1o_| Tsia(Pc) _|_INTACKtoPCLKTSetupTime | 20, | | 20 | | nsec 
1 TsIAi(WR) ae 2 ae 120 a nsec 
ote | | 
12_| ThIA(WR) | _INTACK to WRT Hold Time po tC nsec 
13 Pare ne rey Set Time oe 120 bal nsec 
ote | | 
14_| ThIA(RD) _|_INTACKtoRDTHoldTime | 0 {| = ={| o | | nsec 
15 | ThA(PC) | _INTACKtoPCLKTHoldTime | 40 | =| 30 S| nsec 
16 | TsCE(WR) | CELOWtoWR!SetupTime | 0 | | 0 | {| nsec 
17_| ThCE(WR) | CEtoWRTHoldTime | Ot nsec 
1g_| TsCEh(WR) | CEHIGHtoWR!SetupTime [ 60  [ [so [| nsec 
bn Ecunal ei neksernan Oa i Bae RE Ss 
| ote 1) 
20_| ThCE(RD) _| CEtoRDTHoldTime(Notet) | 0 | =| o | | nsec 
| _(Note | | 
22 | Twro! | RD LOWWidth(Notet) sss | 150, | | 125 | nsec 
23 | TARD(DRA) | RD ttoReadDataActiveDelay | 0 | =| o | I nsec 
24 | TdRD(DR) | RD TtoReadDataNotValidDelay| 0 | == | o | ‘| nsec 
25_| TdRD(DR) | ROJtoReadDataValidDelay | sss | 140 | | 125 nsec 
26 ane | RD T to Read Data Float Delay LC or nsec 
| (Note 2) | | | 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 


2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC Load and 
minimum AC load. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 
Read and Write Timing (See Figure 21) 


Parameter Parameter | 425 MHz 16.384 MHz 
No. Symbol Description Unit 




















fg , | Min, | Max. | Min. | Max. | 
1_[twect | Perktowwidth | =| t000_—| 26 | 1000 _| nsec 
2 | Twech | PCLKHIGHWidth =| S84 | 1000 =| 26 | 1000 _|_ nsec 
3 [TPC | ~PCLKFaliTime = | CCE | see 
4 | Pc | PCLKRiseTime = | CEC} Ct sec 
5 | TePC  ——si|_ ~PCLKCycleTime = CT C80 S| 2000 =S || SSS 2000 nsec 
6 | TsA(WR) _| AddresstoWR1SetupTime | 45 | «| 35 | i nsec 
7_| ThAWR) __|_ AddresstoWRTHoldTime =| =o S| | nsec 
8 | TsA(RD) _|_AddresstoRD 1 SetupTime {| 45 | | 35 | nsec 
9 | ThA(RD) _|_AddresstoRDTHoldTime ss | =o OT SCT nsec 
1o_| TsiA(PC) _—|_INTACKtoPCLKTSetupTime | 15 | ~—=Ss| 15 | nsec 
ote 
12_| ThIA(WR) | INTACKtoWRTHoldTime —s | =o =~] SC] CT nsec 
13 | TsiA(RD) _|_ INTACKtoRD!SetupTime | 95 | | 70 | nsec 
14_| ThIA(RD) | INTACKtoRDTHoldTime =| =o | =| o | i nsec 
15 | Thiaipc) | INTACKtoPCLKTHoldTime | 20 | | 15 | nsec 
16 CELOWtoWR!SetupTime {| Oo | =| o | | nsec 
17_| ThCE(WR) | CEtoWRTHoldTime sss | So S| S| nsec 
18_| TsCEh(WR) | CEHIGHtoWR1SetupTime | 40 | = | 30 | ‘| nsec 
19 Coe ee ee a ts ae nsec 
ote 1 
20_| ThCE(RD) _| CEtoRDTHoldTime(Notel) | Oo | =| o | ‘| nsec 
21 CEHIGHtoRD1SetupTime | 40 | | 30 | | nsec 
22 | TwRDI __—si|_ ~RDLOWWidth(Notei) Ss | So 90s—Cs{| SS | Css 
23 | TARD(DRA) | RDttoReadDataActiveDelay | o | | o | | nsec 
24 | TdRD(DR) | RDttoReadDataNotValidDelay} 0 | | Oo | | nsec 
25 | TdRD(DR) | RDitoReadDataValidDelay | =F» | 90 ~—Ss | SS sid| S70 |r 
26 | TdRD(DRz) RD T to Read Data Float Delay ae Co eae i nsec 
(Note 2) 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 


2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and 
minimum AC load. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 
interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24) 











| Parameter | Parameter | at92 MHz | 10 MHz 

No. Symbol Description | Min. =| Max. | Min. | Max. | Unit 
Data Valid Dela 

28 | TwwARl | ~WRLOWWidth | 5 ts insseec 

29 | TdwA(DW) | WAitoWriteDatavaid == «| S| 5 | 85 nsec 

30_ | ThOWWR) | WriteDatatoWRTHoldTime | 0 =| | oT Sse 

32 | TdRD(W) | RDJtoWait ValidDelay (Note2) | = | 170 +| | 100 | nsec 

33__| TdWR{(REQ) | WRitoWREQNotValidDelay | Ss |_ 170 =| ~~] 120‘ nsec 

34_| TdRD(REQ) | RDLtoW/REQNotValidDelay | ss] 170 =| S| 120 nsec 

35a WR ito DTR/REQ Not Valid Delay | = =| 4.0TcPc [|  —*|:-4.0TcPc | nsec 
ote 

36_| TdRD(REQ) | RDTtoDTRREQNotValidDelay | Ss | NA | | —NA_| nsec 

37 PCLKJtoINT Valid Delay (Note2){ == | 500 | —|{ 400 nsec 

38 INTACK to RD J (Acknowledge) 150 ae 125 bo! nsec 
Delay (Note 3 

39 | TwRDA_ | RD (Acknowledge) Width | 150] | 125 | nsec 

40 RD J (Acknowledge) to Read Data a 140 Lo 120 nsec 
Valid Dela 

At TsIEI(RDA) ie to RD J (Acknowledge) Setup a ae co a nsec 
ime 

a [reer | geereceamme [e | 
ime 

43 | TdIEWIEO) | IEltolEODelayTime ss | S| SCT CTS 8__—isnsec 

44 | TAPC(IEO) | PCLKTtolEODelay ss | | 200 | S| S15 nsec 

45 | TdRDA(INT) | RD JtoINT Inactive Delay (Note2)| | 450 | S| S820 nsec 

46_| TdRD(WRQ) | RDTtoWRIDelayforNoReset | 15 | «| 15 | | nsec 

47_| TdWRQ(RD) | WRTtoRD1DelayforNoReset | 15 | =| 15 | ~~ nsec 
Reset 

49 Valid Access Recovery Time i ee nsec 
(Note 1) 


Notes: 1. Parameter applies only between transactions involving the ESCC. If WRVRD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 

. Open-drain output, measured with open-drain test load. 

. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of 
TdPC(IEO) for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdlEI(IEO) for each device 
separating them in the daisy chain. 


. Parameter applies to Enhanced Request mode only. 


© Pp 


oN 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (continued) 
interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24) 





TsIEI(RDA) IEI to RD 1 (Acknowledge) Setup 
Time 
ThIEK(RDA) IEl to RD T (Acknowledge) Hold 
Time 


43 TdIENIEO IEI to IEO Delay Time 
44 TdPC(IEO PCLK T to IEO Dela 


46 TdRD(WRQ RD T to WR J Delay for No Reset 


—h, 


4 


Nh 


nsec 


nsec 
nsec 
nsec 
nsec 


=k 
w 
Oo 


Parameter Parameter | 125 MHz | 16.384MHz | 
No. | _ Symbol Description [Min | Max. | Min. [ Max. | uni 
Data Valid Dela | 
28 | TwwRi | WRLOWWidth nsec 
29_| TawriiDW) | WRitoWriteDatavaid Fs] | nsec 
30_| ThDWWR) | WriteDatatoWRTHoldTime | 0 | | oT nsec 
31_| TawR(W) | WRitoWait Valid Delay (Note2) | | 70 | nsec 
32 | TARD(W) _| RD J to Wait Valid Delay (Note2) | | 70) | nsec 
33_| TawRI(REQ) | WRitoWREQNotValidDelay | | too | nsec 
34 | TdRD(REQ) | RD JtoW/REQNotValidDelay | Ss} too | nsec 
35a_| TaWRr(REQ) | WRItoDTRREQNotValidDelay | | 4.0TcPc_ | | 4.0TcPc_| nsec 
ote 
36_| TdRD(REQ) | RD TtoDTR/REQNotValidDelay | S| NA | | NA nsec 
37_| TdPC(INT) | __PCLK J to INT Valid Delay (Note2)|_ ss} 350 | 175 nsec 
ae ee ee 
Delay (Note 3 
39_| TwRDA____|_RD (Acknowledge) Width | 95 | 75 
Valid Dela | 
i es ie 
i eae 
45 | TARDA(INT) | RD JtoINT Inactive Delay (Note 2)| 
Eis, 107 
47__| TaWRQ(RD nsec 
Reset | 
49 Tre Valid Access Recovery Time 3.5 TcPc 


(Note 1) 


eae aaa 
a ae 
fe ated 
eee 
50 
| 4.0TePe_| 
| NA 
me 
75 | nsec 
| 200 | 
Ee ees 
ane 


N 
E 


Notes: 1. Parameter applies only between transactions involving the ESCC. If WR/RD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 

2. Open-drain output, measured with open-drain test load. 

3. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of 
TdPC(IEO) for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdlEI({IEO) for each device 
separating them in the daisy chain. 

4. Parameter applies to Enhanced Request mode only. 
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PHYSICAL DIMENSIONS 
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PHYSICAL DIMENSIONS 
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PHYSICAL DIMENSIONS 
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Extended PCM Interface Controller (EPIC) Devices 

DISTINCTIVE CHARACTERISTICS 

@ Board Controller for up to 32 ISDN or 64 voice ™ Timesiot assignment freely programmable for 
subscribers all connected subscribers 

# Nonbiocking switch for 128 channels (16-, 32-, @ Two serial interfaces (PCM and Configurable) 
or 64-kb/s bandwidth or a mixture thereof) ™ Programmable for a wide range of data rates 

@ Two consecutive 64-kb/s channels can be (8 to 8192 kb/s) 


handled as a single quasi 128-kb/s channel. 


BLOCK DIAGRAM 























DCL/SCL PDC 
FSC/DIR PFS 
DDO/SIPO RxDO 
ra > TxDO 
DUO/SIP4 5 TSCO 
DD1/SIP1 - RxD1 
DU1/SIP5 Eel e TxDt 
Configurable Data M PCM TSC1 
Interface Ae ME MONY Interface | 

DD2/SIP2 RxD2 
DU2/SIP6 Ed ' TxD2 
” TSC2 
RxD3 

/ 
DD3/SIP3 ro > 1x3 
DU3/SIP7 B& TSC3 








Control 
Memory 


pP Interface 







Layer 1 
Controller 
Buffer 


ADO:7_ WR RD CS ALE INT 





Publication # 11149 Rev. C Amendment /0 
| issue Date: September 1989 


2-1 


DISTINCTIVE CHARACTERISTICS (continued) 


™ Data rates of PCM and configurable interfaces 
independent from each other (data rate 
adaptation) 

@ Single and double rate clock selectable 


™ PCM interface 
—Tri-state control signals for external drivers 
~—Programmable clock shift 


™ Configurable interface 
—Configurable for |OM™-compatible devices 
(4 duplex ports) 
—Configurable for SLD-compatible devices 
(8 bidirectional I/O ports) 
—Configurable for PCM applications 


GENERAL DESCRIPTION 


The Am2055 Extended PCM Interface Controller 
(EPIC™) is a monolithic switching device for the path 
control of up to 128 channels of 16-, 32- or 64-kb/s 
bandwidth. Two consecutive 64-kb/s channels may also 
be handled as a quasi-single 128-kb/s channel. For 
these channels, the EPIC performs non-blocking space 


time switching between two Serial interfaces, the system 


and the configurable interface. 


Both interfaces can be programmed to operate at differ- 
ent data rates between 8 and 8192 kb/s. The system in- 
terface consists of up to four duplex ports with a tristate 
indication signal for each output line. The configurable 
interface can be selected to incorporate either four du- 
plex or eight bidirectional I/O ports (SLD). 


The EPIC can therefore be programmed to commu- 
nicate either with SLD or with 1OM (ISDN Oriented 
Modular) compatible devices. In both cases, the device 
handles the Layer 1 functions buffering the C/I and 
monitor channels for |OM-compatible devices and the 
feature control and signaling channels for SLD-compat- 
ible devices. 


Due to its capability to switch channels of different 
bandwidths, the EPIC can handle up to 32 ISDN 


@ Standard microprocessor interface with 
multiplexed address/data bus or separate 
address and data buses (PLCC 44) 


@ Handling of Layer 1 functions 
—Change detection logic for C/I (IOM configuration) 
or feature control (SLD configuration) channels 
—Buffered monitor (IOM configuration) or signaling 
channel (SLD configuration) 


EH Comfortable microprocessor access to two 
selected channels 


@ 40-pin Dual In-Line or 44-pin PLCC package 
— Advanced low power CMOS technology 


subscribers with their 2B + D channel structure in IOM 
configuration or up to 16 subscribers in SLD configu- 
ration. Since its interfaces can operate at different data 
rates, the EPIC is an ideal device for data rate 
adaptation. 


Moreover, the EPIC is one of the fundamental building 
blocks for networks with either central, decentralized, or 
mixed signaling and packet data handling architectures. 
The other key devices are the IDEC™ (ISDN D-Channel 
Exchange Controller, Am2075) and the HSCX (En- 
hanced High Level Serial Communication Controller, 
Am82525). 


Applications of the EPIC include communication multi- 
plexers, concentrators, and central switches, as well as 
peripheral ISDN and analog line cards. 


The EPIC is available in a 40-pin DIP or a 44-pin PLCC 
package. 


The 40-pin DIP version is controlled by a standard 8-bit 
parallel microprocessor interface with a multiplexed 
address-data bus. In the PLCC package, the device 
may optionally be controlled by separate address and 
data buses. 
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CONNECTION DIAGRAMS 
Top View 
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360) DUO/SIPO 
35(_) DUO/SIP4 
340 DU1/SIP5 


DD 

< 

© 

s) 

au 
ONAOAR WD = 


TSC10 33LJ DU2/SIP6 
TxD10 3219 DU3/SIP7 
TSCoL 31(0 FSC 
TxD20 301) DCL 
TSC3O 29() INT 
TxD3O 280] ALE 
PFs 270) CS 
Poco WR 
ADol 25) RD 
AD1C 24) VSS 
AD20 2310 AD7 
AD3@ AD6 


AD40 2113 ADS 









Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOLS 


DCL 
FSC 


DDO 
DUO 


DD1 
DU1 


DD2 
DU2 


DD3 
DU3 


Port A 


Port B 


Port C 


Port D 


AAAS 


U 


—~-—_——_“ 


LP interface 


Functional Symbol for the Duplex Configuration 


DCL 
FSC 


SIPO 
SIP 1 


SIP2 

SLD SIP3 
Interface 

SIP4 


SIP5 


SIP6 - 


\ SIP7 


f 


LP interface 


Functional Symbol for the SLD Configuration 
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PDC 
PFS 


aa | 
180 


RxD1 
TxD1 
1SC1 


RxD2 
TxD2 
iSc2 


RxD3 
TxD3 
TSC3 


PDC 
PFS 


RxD0O 
TxDO 
TSCO 


RxD1 
TxD1 
TSC1 


RxD2 
TxD2 
TSC2 


RxD3 
TxD3 
TSC3 








PCM 


Timing 


PCMO 


PCM1 


PCM2 


PCM3 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2055 J Cc 


B 
; ae e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 


J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 
P = 40-Pin Plastic Dip (PD 040) ' 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2055 
Extended PCM Interface Controller (EPIC) 








Valid Combinations 


AM2055 PC, JC, PCB, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
tne local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


A0-3 

Address Bus Bits (Input) 

This input interfaces with one bit of the system’s address 
bus to select internal registers for a read or write access. 
This pin is only provided in the PLCC package and only 
active if a demultiplexed microprocessor interface mode 
is selected. 


ADO-7 

Address Data Bus (Input/Output) 

If the multiplexed address/data microprocessor inter- 
face bus mode is selected, these pins transfer data and 
commands between the microprocessor and the EPIC. 
If ademultiplexed mode is used, these bits interface with 
the system data bus. 


ALE 

Address Latch Enable (Input) 

A logical high on this line indicates an address of an 
EPIC internal register on the external address/data bus. 
cs 

Chip Select (Input) 

A low on this line selects the EPIC for a read/write 
operation. 

DCL 

Data Clock (Input/Output) 

Input or Output in |OM/Slave clock in SLD configuration. 
DDO—3/SIPO-3 

Data Downstream Inputs (Input/Output) 

Inputs in IOM configuration. Subscriber interface ports 
0, 1, 2, and 3 in SLD configuration. 

DU0—3/SIP4—7 

Data Upstream Outputs (Input/Output) 

Outputs in |OM configuration. Subscriber interface port 
4,5, 6, and 7 in SLD configurations. 

FSC 

Frame Synchronization (Input/Output) 


Input or Output in |OM configuration/Direction indication 
signal in SLD configuration. 


oe 


INT 
Interrupt Line (Open Drain) 


Active low. 

PDC 

PCM Interface Data Clock (input) 
Single or double rate. 


PFS 

PCM Interface Frame Synchronization Pulse (input) 
RD 

Read (Input) 

The signal indicates a read operation, active low. 

RES 

Reset (input) 


A logical high on this input forces the EPIC into the reset 
state. 


RxD0-3 

Receive PCM Interface Data (Input) 

Serial data is received at these lines at standard TTL or 
CMOS levels. 

TSCO-3 

Tristate Control for the PCM Interface (Output) 
These lines are low when the corresponding TxD out- 
puts are valid. 

TxDO-3 

Transmit PCM Interface Data (Output) 

Serial data are sent by these lines at standard TTL or 
CMOS levels. These pins can be tristated. 

Vop 

Supply Voltage (Input) 

5V+5% 

VSs 

Ground (Input) 

0 volts. 

WR 

Write (Input) 

This signal indicates a write operation, active low. 
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FUNCTIONAL DESCRIPTION 


The Am2055 Extended PCM Interface Controller 
(EPIC) is a peripheral board controller. It combines the 
non-blocking switching function between the PCM and 
the configurable interfaces for 128 channels per direc- 
tion with the Layer 1 control function for connection 
setup/termination/maintenance on one chip. 


In the downstream direction, the input information of a 
complete frame is stored in the data memory. The in- 
coming channels are written in sequence into fixed posi- 
tions in the data memory. This is controlled by the 
downstream input counter with an 8-kHz repetition rate. 
A cyclic write sequence results. 


For the downstream switching, the control memory 
(CM) is read in sequence. The addressed location 
contains a pointer to a location in the data memory. The 
byte in this data memory location is read into the current 
configurable interface timeslot, resulting in a random 
read sequence. 


The read access of the control memory is controlled by 
the downstream output counter, correlating the data 
memory read operations with the downstream output 
timeslot sequence. 


In the upstream direction, the data is written to the data 
memory randomly, under CM control, and read from 
there cyclically. 


Hence, for the desired connection, the control memory 
needs to be programmed beforehand using the MAAR, 
MADR, and MACR registers. The control memory 
address corresponds to one particular configurable 
interface timeslot and line number. The contents of this 
control memory address point to a particular PCM in- 
terface timeslot and line number now resident in the 
data memory. 


For upstream output, four control bits per timeslot are 
provided in the data memory. These control the output 
driver state of any possible sub-time slot. 


In addition to the data memory address, each CM ad- 
dress also points to four code bits determining the 


bandwicath of the switched channel. These code bits are 
also used to mark the signaling channels at the CFI. 


The C device can be used in two different setups: 
m™ Inthe SLD setup, every channel at the 
configurable interface can be programmed to 
be either input or output. Eight equivalent 
bidirectional ports at the configurable interface 
result. 


B Inthe duplex setup, four of the eight lines of 
the configurable interface are predetermined as 
outputs, four as inputs. Four duplex ports result. 


In both of these setups, the EPIC provides a switching 
Capability for up to 128 channels and direction. 


The IOM and the SLD configurations previously men- 
tioned are special cases of these setups. 


inthe GCI configuration, the EPIC switches the B and D 
channels of up to 32 subscribers working in the duplex 
setup. Additionally, the device handles the monitor and 
C/I channel buffering to the microprocessor. 


In the SLD configuration, the EPIC switches up to 
64-kb/s channels operating in bidirectional setup. Addi- 
tionally, the device handles the feature control and sig- 
naling channels buffering to the microprocessor. 


inthe IOM configuration, upon proper programming, the 
EPIC checks the incoming C/I channels and generates 
interrupts if changes occur. In the case of the bidirec- 
tional configuration, it implements the double last look 
algorithm with a period adaptable to a wide range of 
system needs. 


For handling the monitor or feature control channel, the 
EPIC is equipped with a FIFO buffering up to 16 bytes of 
information. The contents can be transferred or re- 
ceived upon a special command, or, they can be dealt 
with largely autonomously according to the |OM hand- 
shake procedure. 
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FSC/DIR PFS 
RxDo 
DOO/SIPO Pali TxDO 
Cc cama 
DUO/SIP4 x TSDO 
“os x RxD1 
x 
DO1/SIP1 ae | TxD1 
DU1/SIP5 g ‘ Data Memory * rSD1 
= Bee 
DO2/SIP2 f x 
DUZ/SIP6 na TSD2 
- * 
DO3/SIP3 @ @ <— poe 
DU3/SIP7 | -— TSD3 
Layer1 |, 4 
Controller & 
Buffer 
ADO7 WR RD CS ALE INT 
Figure 1. Functional Block Diagram of the EPIC 
Table 1. Detailed Register Description 
Access uP Interface Mode 
Register Write (W) MUX deMUX Reset 
Group Name Read (R) AD7-ADO A3-—A0/RBS Value Register Content 
PCM PMOD R/W 20,, 0,,/1 00 PCM Mode Register 
PBNR R/W 22, 1,,/1 FF PCM Bit Number 
Register 
POFD R/W 24, 2,/1 00 PCM Offset 
Downstream Register 
POFU RAW 26,, a1 00 PCM Offset 
Upstream Register 
PCSR R/W 28,, 4/1 00 PCM Clock Shift 
Register 
PICM R/W 2A, 5,/1 — PCM Input 
Comparison 
Mismatch Register 
CFI CMD1 R/W 2Cc,, 6,/1 00 CFI Mode Register 1 
CMD2 R/W 2E., 7/1 00 CFi Mode Register 2 
CBNR R/W 30,, 8/1 FF CFI Bit Number 
Register 
CTAR R/W 32, 9,/1 00 CFI Time Slot 
Adjustment Register 
CBSR R/W 34,, A,/1 00 CFI Bit Shift Register 
CSCR R/W 36,, B,,/1 00 CFI Subchannel 
Register 
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Table 1. (continued) 





Access uP Interface Mode 
Register Write (W) MUX deMUX Reset 
Group Name Read (R) AD7-ADO A3—A0/RBS Value Register Content 
MAR MACR R/W 00,, 0,,/0 — Memory Access 
Control Register 
MAAR R/W 02,, 1,/0 — Memory Access 
Address Register 
MADR R/W 04, 2,,/0 — Memory Access 
Data Register 
STR STDA R/W 06,, 3,,/0 — Synchron Transfer 
Data Register A 
STDB R/W 08,, 4,,/0 — Synchron Transfer 
Data Register B 
SARA R/W OA, 5,,/0 _— Synchron Transfer 
Receive Address 
Register A 
SARB R/W oc, 6,,/0 _ Synchron Transfer 
Receive Address 
Register B 
SAXA R/W OE,, 7,/0 — Synchron Transfer 
Transmit Address 
Register A 
SAXB R/W 10, 8,,/0 — Synchron Transfer 
Transmit Address 
Register B 
STCR R/W 12, 9,,/0 00 Synchron Transfer 
Control Register 
MFCH MFAIR R 14, A,,/0 Undef. MF Channel Active 
Indication Register 
MFSAR WwW 14, A,,/0 Undef. MF Channel 
Subscriber Address 
Register 
MFFIFO+ R/W 16, B,,/0 Empty MF Channel FIFO 
SCR C/I FIFO R 18, C,,/0 Validity Signaling Channel 
0 FIFO 
TIMR W 18, C,,/0 00 Timer Register 
STAR R 1A, D,,/0 05 Status Register 
CMDR W 1A, D,/0 00 Command Register 
ISTA R 1C, E,,/0 00 Interrupt Status 
Register 
MASK W 1C, E,,/0 00 Mask Register 
OMDR R/W 1E,/3E,, F,/X 00 Operation Mode 
Register 
VNSR R 3A,, D,,/1 Version Number 
Register 
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Registers for the Control of the PCM Interface PCR PCM Clock Rate 
PCM Mode Register (PMOD) A logical “0” selects the PCM interface for single clock 


: . rate operation, a logical “1” for double clock rate opera- 
Access in the multiplexed microprocessor Interface _ tion, in single clock rate operation, the PCM interface of 
mode: Read or write, address: 20, 


the EPIC is supplied with clock and data of the same fre- 
Access in a demultiplexed microprocessor interface quency; in double clock rate operation the clock fre- 


mode: Read or write, address 0,, OMDR:RBS = 1 quency is twice the data frequency. In PCM Mode 2, 
only single clock rate operation is feasible. 


Reset value: 00, PSM PCM Synchronization Mode 


bit 7 | bit 0 The rising edge of the PFS signal synchronizes the PCM 
frame. The PFS signal is evaluated with the rising clock 
Cua shame hel ae Ge done al sas slope (logical “1”) or with the falling clock slope (logical 
“0”). Also refer to Figure 2. 
PMD1—PMDO PCM Mode 1 and 0 AIS1—AlISO Alternative Input Selection 1 and 0 
These bits define the PCM mode according to Table 2. These bits determine the relationship between the 
The ports used in the selected PCM mode are stated in physical pins and the logical port numbers used to pro- 
Table 3. gram the switching function of the EPIC, as shown in 
Table 3. 
Table 2. Modes at the PCM interface 
Setting AISO or AlIS1 in PCM Mode 0 may result in 
Max. Data Data Rate an undefined operational behavior and should therefore 
PCM sC~Porrtt Rate Stepping be avoided 
PMD1 PMD2 Mode _ Count (kb/s) (kb/s) ; 
0 0 0 4 2048 8 
0 1 1 2 4096 16 
1 0 2 1 8192 32 


Conditions: 
A WW PéMop: PSM-=o0 
WW A" (WAX, PéMoD: PSM=1 
fcc oe eee 


| 


PFS 


PCSR POFU POFD 


“4 
TxDH# XX ___Nso.bit7hso,biteXts0, bitsXis0, bitats0, dit3X1s0,bit2Xts0,bitiXts0,bit) Xt, 18, xX 
4 
cow f fif t tft tt ft to ox, x 6, 
' ts0,bit7 


tsO,bit7_ 


TxDH# _X__X_* KwsovitA_ _X XXX __X_) XO, 18, X 


wow l Tt t tf tt f fo om x 6, 


Single Rate Clocking 





TxDH# (_____Atimesiot 7,bit7X_ XX) XT 18, X 


2 

% 1 

8 PxDH# Te 4 | | { ox, xX ~~ FO, 

2 : tsO,bit7 

rs TxDH# _X _' Xtimesiot7,bit7X KD XO, 18, X 

® 

ra 

FE RxDH# | f | | | 1X4 X FO, 
: tsO,bit7 


Figure 2. Upstream and Downstream Timing at the PCM Interface for Single and Double Rate Clocking. 
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Table 3. PCM Pin Configuration 


Port 0 Port 1 Port 2 Port 3 
Mode RxDO TxDO TSCO RxD1 TxD1 TSCt RxD2 TxD2 TSC2 RxD3 TxD3 TSC3 
O = =INO Out 0 Valo IN1 Out 1 Vali IN2 Out 2 Val2 IN3 Out 3 Val 3 


1 INO(AISO=1) OutO ValO INO (AISO=0) tristate AISO IN1 (AIS1=1) Out1 Val1 IN1(AIS1=0) tristate AIS1 


2 ___ittristate Out Val tristate 


tristate AISO_ IN (AIS1 =1) 


undef. undef. IN (AIS1=0) _ tristate AlS1 


Note: The TSC pins output either information about the validity of the relevant TxD output (active low) or the content of the 


respective AIS bit. 


AIC1—AICO Alternative Input Comparison 1 and 0 


These bits control the input comparison function of the 
EPIC. if AIC1 is programmed to logical “1,” the inputs of 
Ports 2 and 3 are compared in PCM Modes 1 and 2. If 
AICO is programmed to logical “0,” the inputs of Port 0 
and 1 are compared in PCM Mode 1. A logical “0” dis- 
ables the respective comparison function. 


Bit Number per PCM Frame (PBNR) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 22, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 1,, OMDR:RBS = 1 


Reset value: FF,, 
bit 7 bit 0 


BNF7 | BNF6} BNF5 BNF3| BNF2 BNFO 


BNF7—BNFO Bit Number per PCM Frame 


These bits denote the number of bits constituting a PCM 
frame. BNFO is the least significant bit, BNF7 the most 
significant bit. In PCM Mode 0, the EPIC expects the 
number of bits as programmed to BNF7—BNFO; in PCM 
Mode 1, it expects twice the number, and in PCM Mode 
2, it expects four times this number to be contained in 
one frame. 





Access in the multiplexed microprocessor interface 
mode: Read or write, address: 24, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 2,, OMDR:RBS = 1 


Reset value: 00, 
bit 7 bit 0 


OFD9 | OFD8} OFD7|OFD6 |OFDS | OFD4} OFD3] OFD2 


OFDS9-—OFD2 Offset Downstream bits 9-2 


These bits together with PCSR:OFD1-0 determine the 
offset of the PCM downstream frame. The positive edge 
of PFS marks the bit number in the downstream frame 
(BND) according to the following formulas: (BND = 1: 
first bit in the frame). 


PCM Mode 0: BND = 17, + (OFD9-OF D2), 
PCM Mode 1: BND =33, + (OFD9-OFD1), 
PCM Mode 2: BND =65, + (OFD9-OFD0), 


This behavior is also shown in Figure 3. 


The stated formulas are valid for a bit number count of 
256, 512, or 1024 in PCM Modes 0,1, or 2, respectively. 
For a lower bit number count the decimal commands 
have to be increased by the number of bits missing. For 
example, for a frame consisting of 24 time slots (PCM 
Mode 0), OFD has to be programmed 10110000. Then 
the positive PFS edge marks bit 7 of time slot 0. 


ff r I POF 
Access in the multiplexed microprocessor interface 
mode: Read or write, address: 26, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 3,, OMDR:RBS = 1 


Reset value: 00,, 
bit 7 bit 0 


OFUQ | OFU8 | OFU7 | OFU6 | OFUS JOFU4 | OFU3 | OFU2 


OFU7-—OFU0 Offset upstream bits 9-2 


These bits together with PCSR:OFU1—OF U0 determine 
the offset of the PCM upstream frame. The positive PFS 
edge marks the bit number in the upstream frame (BNU) 
according to the following formulas (BNU = 1: first bit 
in frame). 

PCM Mode 0: BNU = (OFU9—OF U2), — 23, 

PCM Mode 1: BNU = (OFU9—OF U1), — 47, 

PCM Mode 2: BNU = (OFUS—OFU0), — 95, 


This behavior is also shown in Figure 3. 


PCM Clock Shift Register (PCSR) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 28,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 4,, OMDR:RBS = 1 
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PCM Mode 1 PCM Mode 0 
(64 time slots frame) (32 time slots frame) 


PCM Mode 2 
(128 time slots frame) 
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Registers 






















































PFS POFD, PCSR: 
POFU, PCSR: OFU1,0 | OFD1,0 
ime slot 0 ts 1 ts 
ul , & ooott000 | -| 
ts 0 ts 1 ts 2 
00011001 | -| -| 
TxD ts 0 ts 1 ts 2 
7 00011010 -| -| 
1 ts 1 ts 15 
aus 10000000 | -| -| 
ts 0 ts 1 ts 2 
11110000 = |- | 
= = = (11110001 [-|-| 
RxD ts 0 ts 1 ts 2 
ts 13 ts 14 ts 15 ts 16 
ts 0 ts 1 ts 2 ts 3 ts 4 ts 5 
: 00011000 fo || 
ts 0 ts 1 ts 2 ts 3 ts 4 ts 5 
. 00011000 te] 
TxD tsO . ts1 ts 2 ts 3 ts 4 ts5 
| 00011001 fo {=| 
ts 26 ts 2 ts 28 ts 29 ts 30 ts 31 
. eet 10000000 fo |—| 
ts 0 ts 1 t ts 3 ts 4 ts 5 
sé : 11110000 0} =| 
aA tsO , ts1 ts 2 ts 3 ts 4 ts 5 1] 11110000 Re 
x 
ts 0 ts 1 ts 2 ts 3 ts 4 ts5 | 11110001 Aa 
1 
ts 16 ts 17 ts 18 ts 19 ts 20 ts 21 ts 22 |T 01010141 lel 
tst 27] tsO, ts1, ts2, ts3, ts4, ts5, ts6, ts7, ts8, ts9,ts10,ts11 00011000 oo 
es tst 2 ase eur ne BS et el 136, ey Bie pete a 00011000 on 
x 
l ts0) Bt, ts2y BS ed Bical ts6 ish a eo eto ist 00011001 fo Jo. 
ts52) ts53) ts54)ts55)ts56) ts5 7; ts58its59 ) ts60)ts6 1 ts62 sts63 40000001 }O [0 
tst 27} tsO , ts1, ts2) ts3) ts4, ts5 1 ts6) ts7, ts8 ; ts9 jts10 ;ts11 11110000 jo {o| 
ee 3 4 7 10 11 
— tst27,] tsO, ts s2, ts ts4, ts5 ,ts6 , ts ts8 , ts9 ,ts ts 11110000 lo || 
x 
! 180 ts1 ts2 ts3 1s4 ts5 ts6 ! ts7 ts8 ts9 1810 pistty 41110001 0 | : 
rororors_ ft [| 


Figure 3. PCM Interface Framing Offset 
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Reset value: 00, 
bit 7 bit 0 


OFD1-OFDO Offset downstream bits 1-0 

See POFD register. In PCM Mode 0, both bits, and in 
PCM Mode 1, OFDO needs to be fixed to logical “0.” 
DRE Downstream rising edge 


The PCM data is sampled with the rising edge (DRE = 1) 
or the falling edge (DRE=0) of DCL, as shown in 
Figure 2. 


OFU1—OFU0O Offset upstream bits 1-0 

See POFU register. In PCM Mode 0, both bits, and in 
PCM Mode 1, OFUO needs to be fixed to logical “0.” 
URE Upstream rising edge 


The PCM data is transmitted with the rising edge 
(URE=1) or the falling edge (URE=0) of DCL, as 
shown in Figure 2. 








Access in the multiplexed microprocessor interface 
mode: Read, address: 2A,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 5,, OMDR:RBS = 1 


bit 7 bit 0 


ae TSN6 | TSNS | TSN4 | TSN3]| TSN2] TSN1 | TSNO 


IPN Input Pair Number 


This bit denotes the pair of ports where a bit mismatch of 
the inputs occurred. A logical “O” indicates a mismatch 
between Ports 0 and 1, a logical “1” between Ports 2 
and 3. 


TSN6—TSNO 


These bits contain information as to when mismatches 
occur (see Table 4). 


Table 4. identification of the Differing PCM Data 


PCM __ Time Slot Bit 
Mode identification identification 
2 TSN-TSNO 


1 TSN6—TSN1 TSNO = 1: bits 0-3 


TSNO =0: bits 4-7 


TSN1—TSNO = 11: bits 0-1 
TSN1—-TSNO = 10: bits 2-3 
TSN1-TSNO = 01: bits 4—5 
TSN1-TSNO = 00: bits 6-7 


0 TSN6—-TSN2 


Registers for the Control of the Configurable 
interface (CFI) 





On lrapie intermace mioge nedisie IVIL 


Access in the multiplexed microprocessor interface 
mode: Read or write address: 2C, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 6,, OMDR:RBS = 1 


Reset value: 00,, 
bit 7 bit 0 


CSS _ Clock Source Selection 


A logical “0” selects PCL as clock and PFS as framing 
source for the configurable interface. Clock and framing 
signals derived from these sources are output at the 
DCL and FSC pins (OMDR: CSB = 1). A logical “1” se- 
lects DCL as clock and FSC as framing signal source for 
the configurable interface. 


CSM Configurable Interface 
Synchronization Mode 


The positive FSC transition synchronizes the CFI frame. 
The FSC signal is evaluated at every positive clock 
slope (logical “1”) or at every negative clock slope (logi- 
cal “O”). CSM is only effective for CSS = 1. Also refer to 
Figure 4. 
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Conditions 
CMD1:CCS=0]CMD1:CSS=1, , 


FSC} PFS WW _//7 AM, CMD 1:CSM = 0/PMOD:PSM =0 





Fsc| PFS\ iN, «XIII, CMD 1 CSM = 1/PMOD:PSM = 1 


pci| poe LILLE 


& 


a! 


“ 





5 RCL Lf] | LP LILI LI LILI LI LI cmoi:csp1,cspo-10 
> 
a LILLE LL LL LLL cmot:cmo1,cuno- 94 
< 6 
8 OCs TF LLL SO L_LJ-~—SO LJ ecm 1,cm0= 00 
oO. a 

eee eee CMD1:CMD1,CMD0 = 11 
a 
RCL | q PLHJ LJ LJ LJ Ls cmp::csp1,cspo-o1 
Z SLL L_S LS LS L_S 1 CMD1:CMD1,CMD0= {04 
oO ; ; 0 
3 DCL | | | | CMD1:CMD1,CMD0 = 00 
3 A 
= es ee arenes eens CMD1:CMD1,CMDO0 = 11 

8 

. RCL | | L f Lf Lf LJ emoi-csps.cspo=00 
2 L PLO TLS LJ CMD1:CMD1,CMDo-= <4 
G ] 
S oey ELC LT emntcm1,cm00 = 00 
@ ’ 
a. 


ee Ct CMD1:CMD1,CMD0 = 11 


Figure 4. Data Clock and Reference Clock for the Different Prescalar Divisors at the CFI 
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CSP1-CSPO Clock Source Prescalar 1,0 


The clock source frequency is divided by the values 
listed in Table 5 to obtain the device reference clock. 


Table 5. Prescalar Divisors 


CSP1 CSPO Prescalar Divisor 
0 0 2 
0 1 1.5 
1 0 1 
1 i Not Allowed 


CMD1,0 CFi Mode 1,0 
These bits define the CFI mode according to Table 6. 


C1S1,0 CFI Alternative Input Selection 


These bits determine the relationship between the 
physical pins and the logical port numbers used to pro- 


gram the switching function of the EPIC, as shown in 
Table 7. 


nfigurable Interf M Register 2 (CMD2 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 2E,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 7,, OMDR:RBS = 1 


Reset value: 00,, 





Table 6. Configurable Interface Modes 


Necessary Possible 
Max. Data Reference FSC 
CFI Port Count/ Rate (DR) Clock Output 
CMD1 CMDO Mode device setup kb/s (RCL) Frequencies 
1 1 3 8 bidir 1024 4xDR DR, 2xDR 
0 0 0 4 duplex 2048 2xDR DR, 2xDR 
0 1 1 2 duplex 4096 DR DR 
1 0 2 1 duplex 8192 DR DR 
Table 7. CFI Pin Configuration 
CFI 
Mode DOO DUO Dit DU1 DD2 DU2 DD3 DU3 
0 OutO In0d Out1 In4 Out In2 Out3 In3 
1 OutO = Ind (CISO =0) Out Ini (CIS1 =0) tristate Ind (CISO=1) tristate Ini (CIS1 =1) 
2 Out InCISO =0) tristate not active tristate In (CISO=1) tristate not active 
3 YOO WO4 VO1 V/O5 /O2 1/06 V/O3 O07 
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FC2-FCO Framing Output Control 


For CMD1:CSS = 0 and OMDR:CSB =0, these bits de- 
termine the type of generated CFI framing signal ac- 
cording to Figure 5. 


The FSC signal in FC Mode 7 for software-timed multi- 
plexed applications is derived from the FC Modes 3 and 
6. Setting CMDR:ST1 starts a cyclic multiplexing pro- 
cess. Its period is defined by the content of TIMR. After 
each of these periods, the EPIC issues one FSC pulse 
of FC Mode 3; in all other frames the framing pulse of FC 
Mode 6 is issued. Figure 6 shows this behavior, assum- 
ing TIMR:TVAL6—TVALO = 0000100 and CFI Mode 0. 


Table 8. Applications of the 
Framing Control Modes 
FC Main 
FC2 FC1 FCO Mode _ Applications 


COC Clock Output Control for CMD1:CSS=0 


A logical “1” selects the EPIC to output a DCL clock sig- 
nal with a frequency of twice the CFI data rate (double 
rate clock, CFl Modes 0 and 3 only); a logical “0” pro- 
duces a single rate clock. Also see Figure 4. 


CXF CFI Transmit on Falling Edge 

CFI data is transmitted with the rising edge (CXF =0) or 
falling edge (CXF = 1) of the reference clock, as shown 
in Figure 4. 

CRR CFI Receive on Rising Edge 

CFI data is sampled with the falling (CRR = 0) or rising 
edge (CRR = 1) of the reference clock (see Figure 7). In 
CFI Mode 3, CRR has to be set to logical “0.” 
CBN9-CBN8 CFI Bit Number 9-8 

These bits together with CBNR:CBN7-0 hold the num- 
ber of bits per CFI frame (see CBNR). 


nfiqurable Interf Bit Number ister 


(CBNR) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 30,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 8,, OMDR: RBS = 1 


Reset value: FF,, 


Time Slot C 


Ac. FLUPLILILPU ULL UL Ls LU LLL Lu 


ne nee ee | eee eer ele eae eee 
are a cere INE (ERE et een eee ee 
Ore aeeey eee 
aaa eel (a 


ime SlotO . 1 F 2 , 3 , 4 : 5 


0 0 0 0 IOM Rev. 1 MUX mode 
0 0 1 1 IOM Rev. 1 MUX mode 
0 1 0 2 IOM Rev. 2 
0 1 1 3 IOM Rev. 2 
1 0 0 4 2 Am2085s per SLD Port 
1 0 1 5 Reserved 
1 1 0 6 IOM Rev. 2 or 
bidirectional applications 
1 1 1 7 Software-timed 
multiplexed applications 
Last Time Slot of a Frame 
FC2—-FC0 =011 
FC2—FCO =010 
FC2—FCO = 000 
FC2—FCO = 001 
FC-FCO =110 


FC2—-FCO = 100 


ee ee 
a 


Figure 5. FSC Framing Signal Generation 


Frame 
Ln pot+1 ~n+2 ~n+3 ,n+4 ;n+5 ,;n+6 p~nt+/7 ,~n+8 , 


[ame | Se | | ee | | ee | See ee 


f Timer Started 


Figure 6. FSC Output Signal in FSC Mode 7 
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bit 7 b 


it 0 
CBN7 | CBN6| CBN5| CBN4 | CBN3| CBN2{ CBN1 | CBNO 


CBN7—CBNO CFi Bit Number 7-0 


Together with CMD2:CBN9,CBN8, these bits hold the 
bit count of a CFI frame minus 1 bit. CBN9 is the most, 
CBNO the least significant bit. For example, setting 
CBN9-CBNO to 3FFH, the CFI frame consists of 1024 
bits. 





Access in the multiplexed microprocessor interface 
mode: Read or write, address: 32, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 9,, OMDR:RBS = 1 


Reset value: 00, 


bit 7 bit 0 


ia TSN6 | TSN5 TSN3 | TSN2 TSNO 


TSN6—TSNO Time Slot Number 


The framing signal at the configurable interface marks 
the downstream time slot numbered according to the 
formula below: 


Time Slot Number Downstream = (TSN6—-TSNO —10)a 
Also refer to Figure 7. 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 34,, 





Access in a demultiplexed microprocessor interface 
mode: Read or write, address A,, OMDR: RBS = 1 


Reset value: 00,, 


bit 7 bit 0 


CDS2-—CDSO CFI Downstream Bit Shift 2—0 


The framing signal at the configurable interface marks 
the bit numbered according to the following formula: 


Bit Number Downstream = (111-CDS2-—CDS0)s 
This behavior can also be seen in Figure 7. 


CUS3-CUSO CFI Upstream Bit Shift 3-0 


Using this bit, the upstream frame may be shifted by up 
to 15 clock steps relative to the downstream frame. 
Figure 8 outlines this function. 


nfigurable Interf nel Regi 
(CSCR) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 36, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address B,, OMDR: RBS = 1 


Reset value: 00,, 
bit 7 bit O 


SC31 | SC30} SC21} SC20}] SC11} SC10 ae lee 


SC#1-SC#0 Subchannel Control for the Logical 
Port Number 


These bits select the sub-time slot position of the CFI 
Port Number to be handled according to the CM entries. 





Only one channel may be mapped to one CFI time slot. 


For example: programming SC01, SCO0 to 00, 16 kb/s 
channels consisting of the bits 6 and 7 of an 8-bit time 
slot, 32-kb/s time slots consisting of the bits 4 and 7 of an 
8-bit time slot, or a full 64-kb/s time slot may be handled 
at the CFI Port 0. 


For the CFI Modes 2 and 1, the following restrictions 
apply: 

CFI Mode 2: SC31=SC21=SC11=SC01; 
$C30 = SC20 =SC10 =SC00; 
$C31=SC11; 

SC30=SC10; 

SC21=SC01; 

SC20=SC00. 


In CFl Mode 3, SC31 and SC30 control Ports 3 and 7, 
$C21 and SC20 Ports 2 and 6, SC11 and SC10 Ports 1 
and 5, and SC00 and SC01 Ports 0 and 4. 


Memory Access Registers 


CFI Mode 1: 


The memory access registers are used to 
—directly access the data memory 
—directly access the control memory 
—program the switching function 

—select the signaling application 


One of these specific functions is selected by program- 
ming the memory access control register. 


The address of the memory encodes the time slot and 
logical port numbers, the data memory addresses 
(Table 17) for the channels at the PCM interface, and 
the control memory addresses (Table 18) for the chan- 
nels of CFI. 


The C device performs a memory access specified by 
the actual content of the three memory access registers 
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CMD1:CCS=1} CMD1:CSS=0 


FSCy PFS N U/ ANU CMD1:CSM=0/PMOD:PSM=0 
FsclPFs XW) /7/7/"XX coo 1:csMte1/PMOD:PSMat 





. 
"1 


CMD2 CTAR - CBSR 
DD# 





CX TKK Keon XK noindX wows Kwown wow w00m) yee 
of f f ft fot ft tot tot canes ea ee 
pot {XXX XsaomX XX XXX oxo 
a DU# t f if f A. f ¢t ft f fF fF exrco ot a 
3 oot XX: Kwok KX XK KX KX XK XK NKexecy 
=; of tf ft t t tft tf t ft ft ft cans °*  ™ 


poe XX Xe XX XX KX XK _X oxper 
pus | t f { f f t f t t t CRR=1 = ea 











i ts, 1,bit7 
DD# C1 XxsigX XK KX _X KX _X_X_X exeet : 
' 07, 4B, 
oe f f:f ff f ft ft tf ft ft ft cars 
ts6,bitO 
, Doe K wor XXX xe «0% 00, 
3 DU# f t t t ' CRR=1 02, 00, 
S 1 tsO,bit7 
&  DD# XK __voo? KX KX oxren 000, 
DU# t t t t t CRR=0 02, 00, 
' ts0,bit7 
2 DDE (rien TX oxrer 0,009, 
i @} a 
2 Dus t t CRR=1 02, 00, 
7 bit 7, ts 0 
S  Dpe (erimeno XC xre0 0,0, 
Figure 7. Configurable Interface Bit Timing 
following every write operation at MACR. This access bit 7 bit 0 
takes at most 9.5 reference clock cycles. 
RWS | MOC3| MOC2} MOC1 |MOCO/| CMC2 | CiWC1 | CMC3 
Memory A ntrol Register (MACR CMC3 
Access in the multiplexed P interface mode: Read and ; 


A logical “1” selects the EPIC for a read, a logical “0” for 
a write operation on the control or data memories. 


Access in a demultiplexed uP interface mode: Read or 
write, address 0,,, OMDR:RBS = 0. Awrite access to this 
register initiates the memory access. 
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ret _ILILI UU UU UU LU LU LI soc case 








a 
tsO, bit7 
oe f tf ft f f t f t tf ft ff xy 
tsO, bité 
uo tf t tt tt ttt tt ft 2, 
Oi 
ou tf t tt ttt ttt t fs, 
,bi 
oe f f f f f t f t tf ft tf ft x4 
ts0,bit3 H 
oer f f f f f t tf tft f tft tf fF mn 
ts0,bit2 n 
ae oF oT ot or Foe FT oe a Te. ™ 
tsO,bit1 H 
Me ee OE | x7 
tsO, bitO M 
oe f f ff f ¢ — £ f f fF f | x8 
ts1,bit7 A 
ie a a oe re | a i a ae x9, 
,bi 
oe of tf ft tf f t f ft f ft tf of XA, 
ts1,bit5 
ae a a a ae cs a (a a a xB 
ts1,bitd u 
oe oT oT oP oe TE or Ft at fF oe xc 
ts1,bit3 4 
ie oF oF PF OF or Pr a PE op. xD 
ts1,bit2 ” 
ou ft ttt ttt ttt tpg 
oe ee a a a a a a ee a a “F, 
ts1,bit0 
Figure 8. CFl Upstream Bit Shifting 
Table 9. CFI Subchannel Assignments Table 10. Codes for the Selection of the PCM 
Interface and Subchannel 
Data Rate 
SC#H1 SC#O 64kb/s 32 kb/s 16 kb/s Sis Transferred Channel 
~~ J. &J  &4OF OS OF MOC Bits Bandwidth 
1 0 0-7 4-7 2-3 0 0 00 Loopable unassigned 
0 Oe ate 
0 0 1 1 Bits 7-4 32 kb/s 
MOC3-—MOCO Memory Operation Code 0100 Bits 1-0 16 kb/s 
Identifies type and destination of the memory operation ot eo else eee 
according to the following tables. : ; aie aps aes 


PCM Interface Data Rate and Subchannel Selection 
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Using these codes in direct write accesses, the MADR 
content is transferred to the data memory subject to the 
subchannel selection (for example, PCM idle code pro- 
gramming). The code 0010 transfers MADR :MD7-— 
MD4 to the data memory. These bits will then be output 
at the PCM interface in the bit 7—-bit 4 positions of the 
chosen time slot (MAAR). 


In direct read accesses, the complete data memory 
location content will be copied to MADR for all 
these codes. 


Tristate Codes 

Programming one of these codes, MADR:MDR3—MDO 
is copied to a selected position (1100) or all positions 
(1101) of the upstream data memory tristate field. MD3 
controls the PCM interface tristate function of the bits 
7-6, MD2 of bits 5—4, MD1 of bits 3-2, and MD0 of bits 
1-0 (high impedance = 0, low impedance = 1). 


Resetting the complete DM tristate field takes 1035 ref- 
erence clock periods. 


The tristate codes are always used as direct codes 
(MOC bit position). 


Table 11. Tristate Codes 


Code Bits 
MOC Function 
1 1 00 Single Channel Tristate Control 
11 01 Tristate Control Reset 


CMC3-CMCO Control Memory Code 


Data to be entered to the CM code field in a write 
operation (MOC3—MOC1 = 111). Otherwise, CACE2-0 
have to be set to logical “0.” For a read operation with 
MOC3-—MOC1 = 111, CMCE3-—0 must be fixed to logi- 
cal “0.” 


lf MADR contains data to be entered to a memory, the 
code values of the tables below have to be used in the 
MOC positions (direct access). Thus, for example, CFI 
idle codes may be programmed. 


If MADR contains a pointer, the code values are pro- 
grammed to the CMC positions of MACR (indirect ac- 
cess). This function is necessary to establish a switched 


connection. Then the MOC3—MOC1 bits need to be 
fixed to 111. 


Table 12. CM Codes 
Code 
Bits Transferred 
MOC Bits Function 
1 0 0 1 MADR:MD7-MDO Control Memory 


ess 


1 1 1 X  MADR:MD7-MDO, Indirect Access 


MACR:CMC3-—CMCO 


CM Codes 


These codes are used to enter or get information to or 
from a CM location. Either the 8 bits of MADR (1001) or 
these 8 bits plus the 4 bits of MACR:CMC3—CMCO 
(111X) are written to the CM. 


The code 1001 may be programmed directly in the MOC 
bit positions (for example, change of a connection with 
unchanged sub-time slot selection) or indirectly in the 
CMC bit positions to enter a CFI idle code. Sixty-four 
kb/s is the only possible CFI idle code bandwidth. 


The code 111X is applicable in indirect accesses (CMC 
bit positions) mainly to program the source channel, the 
target channel, and the channel bandwidth of a connec- 
tion with one memory access. (For selecting the proper 
tristate functionality at the PCM highway of the device, 
a second memory access is necessary.) In read 
accesses either the 8 bits of the CM data field (1101) or 
the 4 bits of the CM control field are read and stored in 
MADR:MD3—MDO (1110). 


The selected code is transferred to a CM code field posi- 
tion selected by MAAR. During the switching operation, 
the code controls the bandwith and subtime slot position 
at the PCM interface on a per-channel basis. Thus, 
more than one CFI subtime slot can be mapped to one 
PCM time slot. 


Programming the loopable unassigned code (0000) for 
an upstream connection, the Corresponding upstream 
data memory location is not written during switching op- 
eration (unassigned channel). In downstream connec- 
tions, however, the location is read, but not output at the 
CFI and, thus, can be used to establish loops. 


Table 13. Codes for the Selection of the PCM Interface Subchannels 


CMC3 CMC2 CMC1 CMCO 
0 0 0 0 
0 0 0 1 
0 0 1 1 
0 0 1 0 
0 1 1 1 
0 1 1 0 
0 1 0 1 
0 1 0 0 


Transferred Bits Channel Bandwidth 


Bits 7-0 64 kb/s 
Bits 7-4 32 kb/s 
Bits 3-0 32 kb/s 
Bits 7-6 16 kb/s 
Bits 5—4 16 kb/s 
Bits 3-2 16 kb/s 
Bits 1-0 16 kb/s 
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Table 14. CFl Codes 


CMC3 CMC2 CMC1 CMCO 
1 0 1 1 
1 0 1 0 
1 0 0 0 
1 0 0 1 


Fora description of the CS Channel Function, please re- 
fer to the following pages. 


The CMC3—CMCO = 1001 choice is also used for ac- 
cessing a 64-kb/s CFI Channel. In this case the CM data 
field entry is exchanged with the CFI port and time slot 
coded by the CM locations address according to 
Table 18. Thus, a CFI idle channel may be set up, or CFI 
data may be read via the iP interface. 


CS Codes 


The CS codes control the CS channel (Control channel 
in IOM applications, Signaling channel in SLD applica- 
tions). They need to be transferred to the CM code field, 
hence they are used in the CMC bit positions. To acti- 
vate the EPIC’s signaling handling function, two CFI 
codes per SLA (Subscriber Line Access) are pro- 
grammed to two consecutive CM code field positions 
starting with the even address. These two positions map 
to the preprocessed time slots, for example, the Monitor 
and Feature Control channels in l1OM configuration or 
the Control and Signaling channels in SLD configura- 
tion. The signaling schemes defined by these codes are 
explained in Figures 15 and 16 for the upstream and 
downstream directions. 


- Transferred Bits 


CS Channel 
CS Channel 
CS Channel 
CS Channel, nP channel setup 


The signaling schemes may be programmed to the 
SLAs independently from one another. 


mory A Address Register (MAAR 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 02, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 1,, OMDR : RB8=0 


bit 7 bit 0 


This register buffers the microprocessor address to the 
CM or DM. In DM accesses, the address encodes the 
time slot and port of the PCM interface; in CM accesses, 
the CFI interface. 


U/D 


For both CM and DM accesses, the U/D bit being pro- 
grammed as logical “0” selects the downstream direc- 
tion in the specific memory; a logical “1” selects the 
upstream direction. 


Table 15. Programming the CM for Downstream Signaling Handling 






Application 
Screme [MAAR [GMC [MADR 
Decentral D-Channel Even (1LoloT 9] Ta Torl Tit 
Handling Odd (100111 1) TOTOIO1010]010 lo] 


Central D-Channel Even 


Hitolitol 


Handling 


dd PCM code for a 
2-bit sub-time slot 
d 


(Pose, 


tif [cay fj if 
PCM channel 





a f 
6-Bit Even | (47 01119] aamiaeaeaiae tk eit ae 
am a” Lose Td , 
Ignaling Ciloli[ 1) Monitor Channel| Control Channel 
| OFOLO{O{O]0 [0 j{O}] | 
(e.g., analog IOM) 
| 


8-Bit Even [iLO 110] 
ae Rae: (ae 
Signaling Odd 
LOL OLO JOO [0 {0 {0| 
(e.g., SLD) 





CM Entries Output at the Configurable Interface 


Preprocessed Channels 






COS Cll m 


Monitor Channel | Control Channel 
cs a Ee ; 


Monitor Channel | Control Channel 





ee 





oommmmm , sic, 


Feature Control Signalin 


Channe 


Channel 
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Table 16. Programming the CM for Upstream Signaling Handling 

















Application 
Scheme Code Bits Data Bits to Read 
Handling Even | [q7.ololo}] ({LxLxi | crt | x{x' 
odd | Lololoto) jiixIxikiixhkTx 
Central D-Channel Even | [TTO[O10] Tx] xl. Ton] Txtx 
Handling Odd PCM code for a PCM channel 


2-bit sub-time slot 


6-Bit Even | (1l of 110] 
Signaling odd | Lotito) 
(e.g., analog IOM) 


Bidirectional Even Cori Actual Value 

8-Bit Odd Stable Valu Feature Control Signalin 
CiTors 1] eee Channel Channe 

Signaling 

(e.g., SLD) 

Legend 


These bits are treated by the monitor handler. 


a, 


Stable Value | x] x | 


[etnies nput from the Configurable interface 


Preprocessed Channels 






0S Cll mm 


Monitor Channel { Control Channel 

ie cts 

A ecauinnlee Camm 
m 









Monitor Channel | Control Channel 


laaoianmeata Value m 


Control Channel 






Monitor Channel 





















m 

COS _ The output resistance of these bits is determined by OMDR:COS. 

Ci These bits are exchanged between the CFI in/output and the CM. A change of the C/I bits in upstream direction 
causes an interrupt (ISTA:SFl). The location of the change is stored in CSFIFO. 

P This D-channel information is switched to and from the PCM interface. The PCM time slot and sub-time slot positions 
are defined by the pointer and the code field entry residing in the odd CM entry of the respective SLA. 

SIG These bits are included in the CFI data stream from the CM. 

Value These bits are extracted from the CFI upstream data. The value that occurred in the last frame is stored in the actual 
value bits of the even address CM location, the stable value in the CM location of the odd address. The stable value is 
found implementing the double last look algorithm: a new value must reoccur after the double last look period pro- 
grammed in TIMR to become a stable value. A new stable value causes an interrupt (ISTA:SFI, location in SFIFO). 


MA6-MA0 


The time slot to be handled is programmed to the EPIC 
via the time slot number bits according to Tables 17 and 
18. In all modes, the MAG bit is the most significant and 
the MAO bit is the least significant time slot number bit. 


The logical port numbers used for programming may be 
looked up in Tables 3 and 7 for the PCM ports and for 
the 1OM ports. The bidirectional pin and logical port 
numbers match. 


2-22 | Am2055 


Table 17. Programming PCM Ports and Time Slots 


for the Data Memory 
Data Memory Address 


PCM Mode 2 Bit U/D Direction Selection 
Bit MA6 to MAO Time Slot Number 

PCM Mode 1 Bit U/D Direction Selection 
Bit MA6 to MA3, 
MA1, MAO Time Slot Number 
Bit MA2 Logical PCM Port 

Number 
PCM Mode O Bit U/D Direction Selection 


Table 18. Programming CFi Ports and Time Slots 


CFI Mode 2 Bit U/D Direction Selection 
Bit MA6 to MAO Time Slot Number 
CFI Mode 1 Bit U/D Direction Selection 
Bit MA6 to MA3, 
MA1, MAO Time Slot Number 
Bit MA1 Logical IOM Port 
Number 
CFI Mode 0 Bit U/D Direction Selection 
Bit MA6 to MA3, 
MAO Time Slot Number 
Bit MA2 to MA1 Logical IOM Port 
Number 
CFI Mode 3 Bit U/D Direction Selection 
Bit MA6 to MA4, 
MAO Time Slot Number 
Bit MA3 to MA1 Logical Bidirectional 
Port Number 
M r D j AD 


Bit MA6 to MA3, 
MAO 
Bit MA2 to MA1 


Time Slot Number 
Logical PCM Port 
Number 


for the Control Memory 


Control Memory Address 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 04, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 2,, OMDR:RBS =0 


bit 7 | bit 0 
Tc! ial a De ea 


This register buffers the microprocessor data to the data 
and control memories. 


In DM accesses, real data are transferred, whereas in 
CM accesses, when setting up a connection, this regis- 
ter may also contain a pointer to a DM address. 


Synchron Transfer Registers 

The synchron transfer period between the maskable 
synchron transfer overflow interrupt (ISTA:SOV, 
MASK:SOV) and the maskable synchron transfer inter- 


rupt (ISTA:SIN, MASK:SIN) is 16 RCL periods per ac- 
tive synchron transfer channel. 
nchron Transfer Data Register A(STDA 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 06, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 3,,, OMDR:RBS =0 


bit 7 


bit 0 
MTDA7| MTDA6 sie es sia in Si MTDAO 


MTDA7-MTDAO Microprocessor Transfer Data for 
Channel A 


These bits are extracted by the EPIC from the source 
data stream as specified in SARA, and included in the 
destination data stream at the location indicated by the 
SAXA content. 





Access in the multiplexed microprocessor interface 
mode: Write or read, address: 08,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 4,, OMDR:RBS =0 


bit 7 


bit 0 
MTDB7 ies Bia MTDB1/MTDBO 


MTDB7—MTDBO Microprocessor Transfer Data for 
Channel B 


These bits are extracted from the source data stream as 
specified in SARB, and included into the destination 
data stream at the location indicated by the SAXB 
content. 





n n 

(SARA) 

Access in the multiplexed microprocessor interface 
mode: Read or write, address: 0A,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 5,, OMDR:RBS = 0 


bit 7 bit 0 
i i a 
ISRA_ Interface Select Receive for Channel A 


Selects the PCM interface (logical “O”) or the configur- 
able interface (logical “1”) as source interface for the 
synchron transfer Channel A. 
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MTRA6—MTRAQ Microprocessor Transfer 
Receive for Channel A 

Identifies the source port and time slot as stated in table 

dmadd and cmadd for the PCM and CFG interfaces be- 

ing selected by ISRA, respectively. 


nchron Transfer Receive Address Register 
(SARB) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 0C,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 9,,, OMDR:RBS =0 


bit 7 


bit 0 
ae MTRB6|MTRBSMTRB4 sie es ad MTRBO 


ISRB_ Interface Select Receive for Channel B 


Selects the PCM interface (logical “O”) or the configur- 
able interface (logical “1”) as source interface for the 
synchron transfer Channel B. 


MTRB6—-MTRBO Microprocessor Transfer 
Receive for Channel B 

Identifies the source port and time slot as stated in Ta- 

bles 17 and 18 for the PCM and CFG interfaces being 

selected by ISRB, respectively. 





AXA 
Access in the multiplexed microprocessor interface 
mode: Read or write, address: OEn 


bi 


t7 bit. 
MTXA6|MTXA5| MTXA4IMTXA3| MTXA2|MTXA 1IMTXAO 


ISXA_ Interface Select Transmit for Channel A 


Selects the PCM interface (logical “O”) or the configur- 
able interface (logical “1”) as target interface for the 
synchron transfer Channel A. 


MTXA6-MTXAO Microprocessor Transfer 
Transmit for Channel A 

Identifies the destination port and time slot as stated in 

Tables 17 and 18, incase the PCM and configurable in- 

terfaces are selected, respectively. 


Synchron Transfer Transmit Address Register B 
(SAXB) 

Access in the multiplexed microprocessor Interface 
mode: Read or write, address: 10,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 8,, OMDR:RBS = 0 


bi 


t7 bit 0 
ISXB_ |MTXB6|MTXBSIMTXB4|MTXB3|MTXB2|MTXB1 


ISXB_ Interface Select Transmit for Channel B 


Selects the PCM interface (logical “O”) or the configur- 
able interface (logical “1”) as target interface for the 
synchron transfer Channel B. 


MTXB6-MTXBO Microprocessor Transfer 
Transmit for Channel B 


identifies the destination port and time slot as stated in 
Table 17 if the PCM interface is selected, and Table 18 
in case the configurable interface is programmed. 


nchr nsfer Control Register R 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 12,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address 9,, OMDR:RBS = 0 


Reset value: 00,, 


bit 7 bit 0 
AO 


TAE, TBE Transfer Channel A (B) Enable 


A logical “1” enables the microprocessor transfer; a 
logical “O” disables the transfer of the corresponding 
channel. 


CTA2-CTAO, CTB2-CTBO Channel Type A (B) 


These bits determine the bandwidth of the channel and 
the position of the relevant bits in a time slot according to 
Table 19. 


Table 19. Synchron Transfer Channel Type 


CT#2 CT#1 CT#0 Bandwidth Relevant Bits 

0 0 0 Not Allowed — 

0 0 1 64 kb/s bits 7-0 
0 1 0 32 kb/s bits 3-0 
0 1 1 32 kb/s bits 7~4 
1 0 0 16 kb/s bits 1-0 
1 0 1 16 kb/s bits 3-2 
1 1 0 16 kb/s bits 5—4 
1 1 1 16 kb/s bits 7-6 


The Monitor/Feature Control Registers 





ud Arta am VIC GY MEV Vir AAI 


Access in the multiplexed microprocessor interface 
mode: Read, address: 14, 


Access ina demultiplexed microprocessor interface 
mode: Read or write, address A,, OMDR:RBS =0 
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Reset value: undefined 
bit 7 bit 0 


SO MF Channel Search On 


This bit indicates if the EPIC is still busy looking for an 
active MF channel (logical “1”) or not (logical “O”). 


SAD5—SADO Subscriber Address 


With OMDR:MFPS and CMDR:MFSO set to logical “1” 
(search for Command/Acknowiedgment within the 
handshake procedure) after an interrupt (ISTA, 
MASK:MFFE), these bits point to the port and time slot 
where an active MF channel was found. For the coding 
of time slot and port numbers, refer to MFSAR: 
SAD5-—SADO. 


MF Channel ri 
(MFSAR) 


Access in the multiplexed microprocessor interface 
mode: Write, address: 14,, 





r Address Register 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address A,, OMDR:RBS = 0 


Reset value: undefined 
bit 7 bit O 


MFTC1} MFTCO} SADS SAD3 | SAD2 SADO 


MFTC 1—0 MF Channel Transfer Control 1,0 


These bits, in addition to CMDR:MFT1,0 and 
OMDR:MFPS, control the MF Channel transfer as de- 
tailed in the following tables. 


Transmit Selection (CMDR:MTF1,MTFO=01) 
Table 20. Transmit Selection 


MFTC1,0 Recipient 
0. 6~O As programmed in MFSAR:SAD5—SADO 
Oo. 61 Broadcast: all MF channels 
1 0 Test operation 
1 1 Reserved 


For broadcast transmission with active handshake 
protocol, instantaneous acknowledgment by all recipi- 
ents is assumed and arriving acknowledgments are 
ignored. The MF bytes are transmitted at full speed, that 
is, one byte per frame. in test operation (MFT1,0 = 10), 
the data in MFFIFO is not transmitted and can be read 
instantaneously. 


Selections Transmit + Receive and Transmit and 
Interrupt 


(CMDR:MTF1,MTFO = 10 or 11) 


Table 21. Receive Byte Count 


MFTC1,0 Number of expected receive bytes 
0 60 1 
Oo 1 2 (not allowed for active handshake 
protocol) 
1 O 8 (not allowed for active handshake 
protocol) 
1 1 16 (not allowed for active handshake 
protocol) 


Table 21 states the number of bytes written into 
MFFIFO with the handshake protocol not active. When 
the handshake protocol is active, the selection 
MFTC1,0 =00 is the only allowed choice. 


SAD5-—SADO 


These bits define the addressed subscriber. To achieve 
a definite time slot identification according to Table 18, 
an additional least significant bit set to logical “O” and an 
additional most significant bit, depending on the transfer 
direction (CMDR:MFT1,MFTO), has to be assumed. 


MF Channel FIFO (MFFIFO) 


Access in the multiplexed microprocessor interface 
mode: Read or write, address: 16,, 16 bytes deep 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address B,, OMDR:RBS =0 


Reset value: the MFFIFO is empty 
bit 7 bit 0 
Do 


MFD7 |MFD6 | MFD5 | MFD4 | MFD3 | MFD2 | MFD1 


The contents of this register are transferred byte by byte 
in the monitor (IOM configuration) or feature control 
(SLD configuration) channels as specified by MFSAR: 
SAD5-SADO. MFFIFO is reset by setting CMDR: 
MFFR or by selecting OMDR:OMD0 = 0. 


The Status/Control Registers 
signaling FIFO (C/| FIFO) 


Access in the multiplexed microprocessor interface 
mode: Read, address: 18h, 9 bytes deep 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address Cy, OMDR:RB8 = 0 


Reset value: OXXX XXXKX 
bit 7 bit O 


a SAD6 | SAD5S | SAD4 | SAD3 | SAD2 | SAD1 | SADO 


SBV_ Signaling Byte Valid 


A logical “1” indicates SAD6—SAD0 to be valid. This bit is 
set to logical “0” if the corresponding SAD6-SADO is 
invalid. 
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The SBV bits of all C/I FIFO bytes are reset by selecting 
OMDR:OMS0 = 0 or by instructing the EPIC to reset the 
C/I FIFO (CMDR:MFFR = 1) 


SAD6-SADO Subscriber Address 


This address points to the location in the CM where the 
received C/I channel has changed. If SBV signals a valid 
pointer, all 8 bits of the signaling FIFO may be used as a 
CM address, since SBV being logical “1” identifies the 
upstream block of the CM. If SADO is logical “O” (even 
address), a C/I channel of a digital subscriber is ad- 
dressed. If it is logical “1” (odd address) the stable value 
of a signaling channel (analog subscriber) is addressed. 


Timer Register (TIMR 
Access in the multiplexed microprocessor interface 
mode: Write, address: 18,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address C,,, OMDR:RBS = 0 


Reset value: 00,, 


bi bit 0 


t7 
TVAL6 | TVALS | TVAL4|TVAL3 ta lhe TVALO 


SSR_ Signaling Channel Sample Rate 

The double last look period is fixed to 125 microseconds 
(logical “O”) or determined by TVAL6—TVALO (logi- 
cal “1”). 

TVAL6—O Timer Value 


The timer period is given by these bits in intervals of 250 
msec and is used in three functions of the EPIC: 


—double last look algorithm (controlled by SSR) 
—interrupt generation (CMDR:ST1) 
—CFIl multiframe generation (CMD2:FC2-FCO0) 


The timer is started as soon as CMDR:ST1 is set to logi- 
cal “1” and stopped by programming the timer register or 
by selecting OMDR:OMSO = 0. 


Status Register (STAR) 


Access in the multiplexed microprocessor interface 
mode: Read, address: 1A, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address D,, OMDR:RBS =0 


Reset value: 05,, 


bit 7 b 


it 0 


MAC Memory Access 


A memory access is in operation if this bit is logical “1.” 
Hence, the memory access registers may not be used. 


TAC Timer Active 
If this bit is set, the timer runs (TIMR). 


PSS PCM Synchronization Status 
The PCM interface is synchronized (logical “1”) or not 
synchronized (logical “O”) (ISTA:PFI, MASK:PFI, 
PBNR). 
MFTO MF Channel Transfer in Operation 
The MF channel transfer is still in operation (logical “1”) 
or completed (logical “O”). 
MFAB MF Channel Transfer Aborted 
A logical “1” indicates that the remote transmitter 
aborted a handshaked message transfer. 
MFAE MF FIFO Access Enable 
The MFFIFO may be either read or written (logical “1”) 
or may not be accessed (logical “0”). 
MFRW MF FIFO Read/Write 
If MFAE = 1, the MFFIFO may be read (logical “1”) or is 
ready to be written (logical “O”). 
MFFE MF FIFO Empty 
The MFFIFO is empty (logical “1”) or not empty (logi- 
cal “O”). 

mmand Register (CMDR 
Access in the multiplexed microprocessor interface 
mode: Write, address: 1A, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address D,, OMDR:RBS = 0 


Reset value: 00,, 
bit 7 bit 0 


ST Start Timer 


Setting this bit to logical “1” starts the timer running cycli- 
cally from 0 to the value programmed in TIMR: 
TVAL6-—0. A logical “O” does not affect the timer. 


TIG Timer Interrupt Generation 

Setting this bit together with ST to logical “1” causes the 
C device to generate a periodic interrupt whenever the 
timer runs out. (See TIMR.TVAL6—0 and ISTA:TIN.) A 
logical “O” disables the interrupt. 

CFR C/I FIFO Reset 

Setting this bit resets the signaling FIFO, which takes 2 
RCL periods. 

MFT1, MFTO MF Channel Transfer 


These bits start an MF Channel transfer according to the 
following table: 
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Table 22. MF Channel Transfer Direction Control 


MFT1 MFTO Function 
0 0 Inactive 
0 1 Transmit 
1 0 Transmit + Receive 
1 1 Transmit + Interrupt 


The contents of MFFIFO are exchanged in the channel 
programmed to MFSAR:SAD5-SADO0 controlled by 
MFSAR:MFTC1-0. By programming MFT1, MFTO=01, 
the MFFIFO contents are transmitted. By select- 
ing MFT1, MFTO=10, they are transmitted and an an- 
swer is expected. MFT1, MFT0=11 is chosen if more 
than 16 bytes are to be transmitted, the first 16 of which 
reside in MFFIFO. After transmitting the MFFIFO con- 
tents or receiving the answer, the EPIC generates a 
maskable interrupt (ISTA:MFFI, MASK:MFFI). The ac- 
tual state of the transfer can be evaluated by reading 
STAR:MFTO-MFTE. 


MFSO MEF Channel Search On 


If this bit is set to logical “1,” the EPIC starts to search for 
active MF channels. If an active channel is found, the 
channel address is stored in MFSAR and an interrupt 
is generated (ISTA:MAC). The search is stopped when 
an active MF channel has been found or when 
OMDR:OMS0 =0 


If the MFFIFO is empty and Transmit + Receive is se- 
lected, the EPIC waits for received bytes. 


With the handshake protocol active (OMDR:MFPS = 1), 
the EPIC expects received bytes in the time slot it also 
sent MFSAR:SAD5-SAD0). However, for the Transmit 
+ Interrupt selection only, and only when the handshake 
protocol is not active, it expects received bytes at the 
same line, but 4 time slots later than programmed to 
MFSAR:SAD5-—SAD0 (SLD configuration). 


MFFR MF FIFO Reset 
Setting this bit resets the MFFIFO within 2 RCL periods, 
after which MFFR is reset again. 


Interrupt Status Register (ISTA) 


Access in the multiplexed microprocessor interface 
mode: Read, address: 1 C,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address E,, OMDR:RBS =0 


Reset value: 00,, 


bit 7 eee bit 0 
Tal Goad los a “a Get nat heal 
TIN Timer Interrupt 


If this bit is set to logical “1,” a timer interrupt 
(CMDR:STO0O, TIMR) has occurred. The bit is reset by 
reading ISTA. 





SFI Signaling FIFO Interrupt 


A logical “1” indicates a change in an upstream C/I or 
signaling channel. The bit is reset when FIFO is empty. 


MFFI MF FIFO Interrupt 

If this bit is set, the last MF channel command (issued by 
CMDR:MFT1, MFTO) has been executed and the EPIC 
is ready to accept the next command (STAR:MFTO- 
MFFE). This bit is reset by the ISTA access. 


MAC Monitor Channel Active Interrupt 

A logical “1” indicates an active monitor channel, for the 
case CMDR:MFSO = 1. MFAIR contains the address of 
this channel. This bit is cleared by the ISTA access. 


PFl PCM Framing Interrupt 

This bit being logical “1” indicates lost or regained syn- 
chronization at the PCM interface. Synchronization is 
considered lost by the EPIC if the PFS signal is not re- 
peated with a period determined by PBUP. Synchroni- 
zation is considered regained if two consecutive PFS 
pulses with the correct period are received. PFI is reset 
by reading ISTA. 


PIM PCM Input Mismatch 

A logical “1” indicates a PCM input mismatch 
(PICM,PMOD: AISO,1); PIM is reset by reading ISTA. 
SIN Synchron Transfer Interrupt 

The synchron transfer registers can be read and written 
if this bit is logical “1”; this bit is reset by reading ISTA. 
SOV Synchron Transfer Overflow 


A logical “1” indicates that the data of one of the active 
synchron transfer channels (STCR:TAE, TBE) has not 
been accessed within the microprocessor access pe- 
riod of the synchron transfer facility. This bit is reset by 
reading ISTA. 

Mask Regi MASK 


Access in the multiplexed microprocessor interface 
mode: Write, address: 1 C,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address E,, OMDR:RBS =0 


Reset value: 00, 
bit 7 bit 0 


A logical “1” disables the corresponding interrupt as de- 
scribed in ISTA. 


A masked interrupt is stored internally and reported in 
ISTA immediately, if the mask is released. 


A SFI interrupt, however, is also reported in ISTA, if it is 
masked. In this case an interrupt is not generated. 
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eration Mode Registe D 


Access in the multiplexed microprocessor interface 
mode: Read or write. 1 E, or 3E,, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address F,, OMDR:RB8 = X 


Reset value: 00,, 
bit 7 bit 0 


hs Se el a at 
OMS1-OMSO Operation Mode Select 


These bits determine the operation mode the EPIC is 
working in according to Table 23. 


Table 23. Operation Modes 
OMS1 OMSO 
0 0 


Function 


CM reset mode: In this mode the EPIC 
does not operate normally. Instead, a 
CM Access via the memory access 
registers accesses all CM positions. 
Only accesses with MACR:MOC3 = 1 
are performed. A typical application is 
resetting the CM (MACR = 70,, 
MADR:XX,,). Such a complete CM 
access is finished within 256 RCL 
periods. 

CM initialization mode: In this selection 
the EPIC does not operate normally. 
This selection allows for a fast 
programming of the CM (for example, 
for monitor and C/ channel selection), 
reducing the memory access busy time 
to maximally 2.5 RCL cycles. 

Normal operation mode: Memory 
access period 9.5 RCL cycles 
maximally. 

Test mode: In this mode the EPIC 
sustains normal operation. However, a 
memory access does not only affect the 
one location of MAAR, but all positions 
in the specific memory. 


Setting OMSO to logical “O” stops the software timer 
(CMDR:ST1; TIMR) and resets MFFIFO as well as C/I 
FIFO. 


PSB PCM Standby 


A logical “O” switches the PCM interface outputs to high 
impedance. 


COS CFI Output Driver Selection 

Programming a logical “1,” the CFI output drivers are 
open drain drivers for unassigned channels; program- 
ming a logical “O,” they are tristate. 

MFPS MF Channel Protocol Selection 

A logical “1” enables the handshake facility of the EPIC; 
with a logical “0” it is disabled. 

PTL PCM Test Loop 


The PCM interface output and input lines are internally 
connected if PTL is logical “1.” In this case, the PCM 
data are still output according to the DM tristate field, but 
the PCM input is disabled. 

CSB CFI Standby 

A logical “0” switches the CFI outputs to high 
impedance. 

RBS Register Bank Selection 


Inthe demultiplexed microprocessor access mode, this 
bit switches between the registers mainly used for in- 
itialization (logical “1”) and those mainly used in opera- 
tion (logical “0O”). 

Version Number Register (VNSR 

Access in the multiplexed microprocessor interface 
mode: Read, address: 3A, 


Access in a demultiplexed microprocessor interface 
mode: Read or write, address D,, OMDR:RBS = 1 


Reset value: 0X, 
bit 7 bit 0 


These bits contain the version number of the device ac- 
cording to the following table: 


VN3 VN2 VN1 VNO Device Versions 
0 0 0 0 Al 


IR_ initialization Request 


The code memory has to be reprogrammed due to loss 
of data (IR = 1). The IR bitis set after power failure or in 
appropriate clocking and reset when a code memory 
initialization (CMDR:CMS1,0 = 10) is finished. 
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APPLICATIONS 
Communication Multiplexers 


The non-blocking switching capability for various 
bandwidths implemented in the EPIC makes the circuit 
suitable for use in communication multiplexers. Due 
to the data rate programmability of the configurable 
and PCM interfaces, data rate adaption (for example, 
between 1544 and 2048 kb/s systems) can be 
accomplished. 


Concentrators 


Due to the high data rates of up to 8192 kb/s, the EPIC 
can be used in concentrator applications. 


Central Switches 


The EPIC is a non-blocking switch for up to 128 chan- 
nels per direction. The channel bandwidth can be pro- 
grammed to 16, 32, or 64 kb/s. The PCM and 
configurable interfaces are programmable for a wide va- 
riety of data rates from 8 to 8192 kb/s. PCM and config- 
urable interfaces can be operated with different clock 
frequencies. Thus, the EPIC can be used in central 
switches and for data rate adaption. 


Line Cards 

The EPIC is designed to operate in three different digital 
or analog line card architectures. For a schematic sum- 
mary of these possible line card configurations, refer to 
Figure 9. 


ISAC-S 
Am 2085 


With its configurable interface being programmed as an 
SLD interface, the EPIC can communicate with SLD- 
compatible devices (for example, ISDN Subscriber 
Access Controller ISAC-S, Am2085). The EPIC pro- 
vides the signals for up to 16 ISAC-Ss, supporting up to 
16 S Interfaces. 


Alternatively, the configurable interface may be se- 
lected as IOM Interface, which is compatible to both the 
multiplexed |OM1 and the IOM Rev. 2 Interface. 


In the case of an IOM Rev. 2 interface, the EPIC sup- . 
ports up to 32 ISDN or 64 voice subscribers. They are 
connected via the SBCX (Am2081), Am2096, or IEC 
(Am20901 and Am20902) and a digital loop. In both 
cases, either the Am2070 or the IDEC (Am2075) may 
perform the D-channel handling. 


Digital Line Cards 


On digital line cards, the EPIC performs the switching 
function for up to 32 ISDN subscribers between the 
PCM system highways and the IOM interfaces. More- 
over, it has the Layer 1 controlling capability of buffering 
the C/I and monitor channels of the IOM interface. 


The EPIC can be operated in tandem (one device is 
active, another one is a backup device). The backup 
device can instantaneously take over for the active 


ISDN-S 4 2 ISAC-S/SLD Interface 
ISAC-S 
Am 2085 
IDEC | 
EPIC 
6 oT CT O-eOoeowoelODNOROOow sa wx 101 
Am 2095 
ISDN-U c Interfaces 
. Up to Eight Layer 1 Devices ¢@ 
SBC |< | perMUXIOM1 Interface & 
Am 2080 
ISDN-S 
IDEC 
Am 2075 
SBCX i 
Am20s1L_t. ¥ || 
we 7 iH 4 1OM2 Rev. 2 
| IBC-B }e—4 ev. 
——4Am 2096 § Interfaces 
ISDN-U ¢ ¢ Upto Eight Layer 1 Devices -4 


IEC 
Am 20901 
ISDN-U [Am 20902 


per IOM Rev.2 Interface . 


Figure 9. Schematic Summary of the Line Card 
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device when it fails. Due to this tandem operation capa- 
bility and the high number of ISDN subscribers that can 
be connected to one EPIC, the use of single line cards 
is feasible. 


Several architectures are possible. 


In completely decentralized D-channel processing ar- 
chitectures (Figure 10), the processing capacity of a line 
Card is usually dimensioned to avoid blocking situations 
even under maximum conceivable D-channel traffic 
conditions. In such an architecture, the EPIC switches 
the B channels and performs C/! and monitor channel 
control. The IDECs handle the Layer 2 functions for sig- 
naling and data packets in the D channel and transfer 
the extracted data via the uP and an HDLC controller 
(for example, the HSCX Enhanced High Level Serial 
Communication Controller Am82525) to the system. 
One of the channels of the HSCX may be used, for ex- 
ample, for the signaling information, the other for data 
packets. The HSCX may access either a time slot of pro- 
grammable bandwidth on one of the system highways 
(Figure 10) or a separate signaling highway (Figure 11). 
Inboth cases, the highway capacity used for packet traf- 





fic can be shared among several line cards due to the 
statistical multiplexing capabilities of the HSCX. 


In an architecture with completely central D-channel 
handling (Figure 11), the EPIC switches the B and D 
channels and performs the C/I and monitor channel con- 
trol functions. 


The line card microcontroller programs the EPIC and is 
connected to the group control via a signaling highway 
and an HSCX. Moreover, the EPIC controls the Layer 1 
protocol! on the IOM interface, buffering the C/I and 
monitor channels to the microprocessor. 


A third possibility is a mixed architecture with central 
packet data and decentralized signal handling. This is 
a very flexible architecture that reduces the dynamic 
load of central processing units by evaluating the signal- 
ing information on the line card. For this case, any in- 
crease of packet data traffic does not necessitate any 
change inthe architecture because the line cards do not 


System 
Highway 








Line Card 
Control 


System 
Highway 


Signaling 
Highway 


Figure 11. Digital Line Card Architecture with Completely Central D-Channel Handling 
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have to be modified. The central packet handling unit 
can simply be expanded. 


For such an architecture, the EPIC performs B- and D- 
channel switching in addition to C/I and monitor channel 
control. The IDECs handle the signaling data of the 
D channel. These messages are transferred to the 
group controller via the microprocessor and an HDLC 
controller. The packet data of the D channel are 
switched to the system highways and processed by the 
central packet unit. 


In this architecture, the EPIC switches the B channels 
from !OM Port A (Figure 12) to the PCM interface. The 
IDEC works in a master/slave configuration. Therefore, 
an additional collision resolution line is needed. The 
IDEC separates signaling from data packets. The 
signaling messages are transferred to the microcontrol- 
ler, which in turn hands them over to the group controller 
using the HSCX. 


The packet data are processed differently. Together 
with the collision resolution line they are handled by the 
IDEC at another IOM port (Port B). The EPIC switches 
the channels of these ports to the PCM interface as 
shown in Figure 12. 


In such a configuration, the “p” packets and the collision 
resolution signal occupy one of the [OM ports available 
at the configurable interface. This reduces the total 
switching capability of the EPIC to 24 ISDN subscribers. 


Alternately, the packet data and the collision line can 
be directly exchanged between the IDEC and the PCM 
highway. The EPIC then simply switches the Bchannels 
(see Figure 13). The packet data are separated by 
the IDEC and placed on the PCM highway. Thus, the 
full 32-subscriber switching capability of the EPIC 
is retained. 





IOM Interface 


Packet Handlers 


The EPIC is an important building block for networks 
based on either central, decentralized, or mixed signal- 
ing and packet data handling architectures. Its flexibility 
allows for the modification of the packet handling archi- 
tecture according to changing needs. 


Thus, it may be useful to add central packet handling 
groups to a network originally based on decentralized 
signaling packet handling. This may be the case if grow- 
ing data packet traffic exceeds the initial capacity of the 
network. The result is a mixed architecture. 


On the other hand, increasing packet handling demand 
on a few dedicated subscriber lines calls for solutions 
that back up the capacity at these few decentralized line 
cards. 


In both of these cases and several other applications, 
the EPIC is a powerful device for solving the problem of 
packet handling. In most applications it is used together 
with the IDEC (ISDN D-Channel Exchange Controller). 


Decentralized and mixed packet handling has already 
been covered in the line card chapter. In the following, 
the centralized signaling/data packet handlers built up 
with the EPIC will be described. 


Central packet handling is used if many subscribers with 
a generally low demand for packet switching are to be 
connected to a system. Concentrating the packet serv- 
ers for multiple users eliminates the need to provide a 
packet server channel for every user. The overall num- 
ber of packet server channels can thus be reduced. 


In such a central packet handling group, the EPIC per- 
forms the switching and concentrator function. It 
connects a variable number of PCM highways to the 
packet handler internal highway. HDLC controllers are 


PCM Interface 
B+P 


System 
High 
B + P + Collision en 
Signaling 
S Highway 


Figure 12. Line Card Architecture for Mixed Packet Handling Two IOM Ports of the EPIC 
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IOM Interface : ) PCM Interface B,P 


System 
Highway 
Collision 
S 
Signaling 
Highway 





Collision 


Figure 13. Digital Line Card Architecture for Mixed Packet Handling Using a Collision Highway 


also connected to this internal highway as illustrated in highways are accessed by the IDECs (ISDN D-Channel 
Figure 14. Exchange Controller) which are four-channel HDLC 
controllers that handle the packets. If more than four 


This figure shows one EPIC connecting four PCM high- PCM highways are connected to the centralized packet 


ways to one packet handler internal highway. These 





PCM Highways 


A B Cc D 


| Packet Handler Internal Highway 





Centralized Packet Handler Unit 


Figure 14. Centralized Packet Handler with a Single Internal Highway Connected to Four PCM Highways 
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handler, further EPICs are necessary. Such a situation 
is shown in Figure 15, where eight highways are 
switched to one packet handler internal highway. In this 
case, the two EPICs are connected in paraliei at the 
packet handler internal side. 


The data rate of the packet handler internal highway can 
be up to 4096 kb/s. If this capacity is not sufficient, other 
packet handler internal highways may be added as 
shown in Figure 16. 


PCM Highways 
A B CGC DB E F G H 





In some applications an additional collision resolution 
signal is required for the HDLC controllers. This infor- 
mation can be demultiplexed from the PCM highways to 
a third line for each packet handler internal highway (see 
Figure 17). 


The applications illustrated apply equally to centralized 
signaling as well as to data packet handlers. 


Packet Handler Internal Highway 


Centralized Packet Handler Unit 


Figure 15. Centralized Packet Handler with One Internal Highway Connected to Eight PCM Highways 
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PCM Highways 
A B C DE F G H 


Packet Handler Internal Highway 





Centralized Packet Handler Unit 


Figure 16. Centralized Packet Handler with Three Internal Highways 
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Figure 17. Centralized Packet Handier with Internal Collision line 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Ambient Temperature under bias 0 to 70°C Ambient Temperature (Ta) 0 to +70°C 
Storage Temperature —65 to 125°C Supply Voltage with respect to Vss Vop=5 V+5% 


Stresses above those listed may cause permanent Operating ranges define those limits between which the 
damage to the device. Exposure to absolute maximum functionality of the device is guaranteed. 

rating conditions for extended periods of time may affect 

device reliability. 


DC CHARACTERISTICS over operating range 


Parameter Parameter 
Symbol | Description | Test Conditions 


Vi Input LOW Voltage re 







Via Input HIGH Voltage 
























Vor Output LOW Voltage V 
Veg Output HIGH Voltage fon oe ne V 
Vou Output HIGH Voltage ; V 
leo Operational Power mA 
Supply Current 

Ls Input Leakage Current ; : fo ee AO pA 
le Output Leakage Cui eit = € Vour < Vpp to 0 V a pA 
CAPACITANCE 





Ta = 25°C: Von = 5 V 5%, 












Test Conditions 





Input Capacitance Pe, ee ee IO ce 
VO Capacitance eee eee ie NN INE ee 
Output Capacitance aan Rear Ce Oe 
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SWITCHING CHARACTERISTICS over operating range 
Timing of Microprocessor Interface 


Parameter Parameter | 
Symbol Description Test Conditions Max. Unit 











ti ALE pulse width ae a a nsec 
ta Address setup time to ALE De 4 P| nsec 
ta | Address hold time from ALE _ 3 TT nsec 
lis Address latch setup time _ nsec 
to WR, RD 
tas 410 = nsec 
i HO a 
: a 
ie | Oatatectinetomwees [| | 


Inputs are driven at 2.4 V for a logical “1” and at 0.4 for a logical “O.” Timing measurements are made at 2.0 V fora 
logical “1” and at 0.8 V for a logical “0.” The AC testing input/output waveforms are shown below. 


SWITCHING TEST WAVEFORM 


2.4 
2.0 en ; 20 
Test Points 


0.8 
0.4 


/O Waveform for AC Tests 


SWITCHING TEST CIRCUIT 







Device 
Under 
Test 


C, = 150 pF 
i i 


Switching Test Load Circuit 
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SWITCHING WAVEFORMS 


KEY TO SWITCHING WAVEFORMS 


Waveform Inputs 


Must Be 
Steady 


May Change 
From H to L 


May Change 
From Lto H 


Don’t Care, 
Any Change 
Permitted 





Am2055 


Outputs 


Will Be 
Steady 


Will Be 
Changing 
From HtoL 


Will Be 
Changing 
From L to H 


Changing, 
State 
Unknown 


KS000010 
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SWITCHING WAVEFORMS 
Intel Bus Mode 





CS+RD 


ADO-—AD7 


CS + WR 


ALE 





Al Gl 
i WM 


ADO-AD7 





Multiplexed Address Timing 





Demultiplexed Address Timing 





2-38 Am2055 





SWITCHING WAVEFORMS (continued) 
Motorola Bus Mode 





ADO-AD7 


uP Read Cycle 





ADO-AD7 





uP Write Cycle 


A0-A7 





Address Timing 
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SWITCHING CHARACTERISTICS over operating range (continued) 
Timing of PCM and Configurable interfaces — 


Parameter Parameter 

Symbol Description Test Conditions 

top Clock period clock frequency < 4096 kHz Ee 
ian Clock period LOW clock frequency < 4096 kHz 


Clock period | clock frequency > 4096 kHz 










—_> re tg 
















top 
toc . 


PCM input d 


7 








ts Serial data input 
setup time 


Ww 


ty | Serial data input 
hold time 

ts Serial data input 2M i 
setup time @ 

i Serial data input : 
hold time 


Serial data input ; 


oO 
oO 


Data clock delay time 

























ts Hidata 
setup time cy > 4096 kb/s 
tj Serial data input 
hold time 
as Serial data input 
setup time frequency < 4096 kb/s 
ti 75 


aig ns any 
nn on 5 ee 


CFI input data 
: : | frequency < 4096 kb/s 


oO 


a output delay 
time (falling clock edge) 


lise CFI Serial data output delay 
time (rising clock edge) 
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Unit 


nsec 
nsec 
nsec 
nsec 

nsec 
nsec 
nsec 
nsec 
nsec 


nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 
nsec 


nsec 


nsec 


nsec 





SWITCHING WAVEFORMS (continued) 




















PDC/DCL 
PFS 
(PMOD:PSM=0;CMD1:CSS=0 T o—o1 fo-01 
FSC \ 
(CMD1:CSS,CSM=1,0) 
PFS | II | 6ol l 
(PMOD:PSM=1;CMD1:CSS=0 
FSC NY 
(CMD1:CSS,CSM=1,1) 
bd 
DD(CMD2:CXF=0) rs} 
II [' ur ee | | 5 
DU(cMD2:cRR-=0) aes). Gee CL.» Cee , ee . 2 e- 
| | to, EOI = 
DD(cmp2:cxF=1) | LOX tbitoftrameX OX) 2 
ee ee : 
DU(CMD2:CRR=1) 3 
a i = | 
DD(cmp2:cxF=1) Ct bitottrame | g 
II | | Its JL aI " 
DU(cMp2:CRA-0) aes [1 bit of frame] Cee oe 
T - 
I | [| | S 
DD(cmb2:cxF=0) (Cit offrame = 
Q 
fey eee 3 
DU(cMD2:cRR-1) ae, [1 bit of frame} 
a a : 
DDcmp2:CXF=1) last bit of frame 1% bit of frame i. 
aL | SLT! | =| i 
DU(CMD2:CRR=0) {last bit of frame } a 
Tor | | © 
DD(cmp2:cxF=0) i ie bit of fame a 
O 


Toco [op 
DCL | 


(CMD1=0x1000xx) 


FSC 


Switching Characteristics at the CFI with CMD: CSP1, 0= 10 (Prescalar Divisor = 1) 
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SWITCHING WAVEFORMS (continued) 


Top 





PDC/DCL mt 
PFS . ee 
pager tr -CSS=0 NE | : 
PFS. :CSS,CSM=1,0) | | | 
(PMOD:PSM=1;CMD1:CSS=0 Rn 

FSC eel | | 





DDICMOR ENC car ea I of frame 2m bitof frame X 3° bit of frame 
II lI 






DU(CMD2:CRR=0) 


DD(CMD2:CxXF=1) 


DU(CMD2:CRR=1) 


DD(CMD2:CXF=1) 


CMD1:CMD1, 0 = 01o0r10 


= 00 





DU(CMD2:CRR=0) 


| io ot aw ; | i 
DDiewo2:cxF-o CE rtiroftame XK 
DU(CMD2:CRR=1) _) | | 
_ ac | 
DD(CMD2:CXF=1) last bit of frame 1* bit of frame 


DU(CMD2:CRR=0) { last bit of frame 


tn | 
DD(CMD2:CXF=0) 1* bit of frame 


DCL Tong aa 
(CMD1=0x1000xx) 








Toco 


FSC 


Switching Characteristics at the CFI with CMD1: CSP =01 (Prescalar Divisor = 1.5) 
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CMD1:CMD1, 0 


CMD1:CMD1,0 = 11 


SWITCHING WAVEFORMS (continued) 


Toe 
PDC/DCL " ir wr 
PFS z = 
(PMOD:PSM=0;CMD1:CSS=0 a 
FSC 
(CMD1:CSS,CSM=1,0) Tes Teg [Te | | T 


PFS 
(PMOD:PSM=1;CMD1:CSS=0 
FSC 


Ty ; Ts aT iI 
DD ieuos xe) 96 ae Xie Sar 
[Foe bTs JLT | II 


isin TIC Oe oe 


II | tmp, | I ll 
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DU(CMD2:CRR=1) ey —— as Ro meceey 
I alto, | | II II 
ee ee 
DU(cMo2:cAR-o) Gee [ibrottare | aa 
ay 
II | a 
DD(cmp2:CxF=0) C——i( i bitoftrame 


a ae JL 
DU(CMD2:CRR=") () {in bit of frame J 
a 
DD(CMD2:CxXF=1) last bit of frame 1* bit of frame 
thoy] | | 
DU(CMD2:CRR=0) ; : 








= | | 
DD(CMD2:CXF=0) 1* bit of frame 
T, Toco 
DCL + 


(CMD1=0x1000xx) 





FSC 


Switching Characteristics at the CFI with CMD: CSP1, 0=00 (Prescalar Divisor = 2) 
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CMD1:CMD1,0 = 00 CMD1:CMD1,0 = 01 or 10 


CMD1:CMD1,0 = 11 





SWITCHING WAVEFORMS (continued) 
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PFS (PMOD:PFS=1) 


JT i 
TxD (PCSR:URE=1) ah cod 1st bit of frame 2" bit of frame 3:9 bit of frame 
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TSC (PCSR:URE=1) 


| | Ts Th | 
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Switching Characteristics at the PCM Interface 
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PHYSICAL DIMENSIONS 
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127 0,81 max. 


Note: Physical Dimensions are given in mm. 
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ISDN Digital Exchange Controller (IDEC) 


DISTINCTIVE CHARACTERISTICS 
™ Four independent HDLC channels 


™ 64 byte FIFO storage per channel and 
direction 


™ Handling of basic HDLC functions 
— flag detection/generation 
— zero deletion/insertion 
— CRC checking/generation 
~ check for abort 


# Single connection and quad connection 
modes 


GENERAL DESCRIPTION 


The Am2075, ISDN Digital Exchange Controller (IDEC), 
is a serial HDLC data communication circuit with four 
independent channels. Its telecommunication-specific 
features make it especially suited for use in variable 
data rate PCM systems. In addition, the device contains 
sophisticated switching functions and implements auto- 
matic contention resolution between packet data from 
different sources. 
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Advanced 
Micro 
Devices 


1IOM™ interface or PCM interface 


Programmable time slots and channel data 
rates (up to 4 Mbs) 


Different methods of contention resolution 


8-bit parallel microcontroller interface with 
vectored interrupt 


Advanced CMOS technology 


Power consumption less than 50 mW 


Its applications include communication multiplexers, 
peripheral ISDN line cards, packet handlers, and X.25 
packet switching devices. The IDEC is a fundamental 
building block for networks with either centralized, 
decentralized, or mixed signaling packet data handling. 
architectures. 


Publication # 11134 Rev. B Amendment /0 
issue Date: April 1989 


BLOCK DIAGRAM 
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toni | 
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CONNECTION DIAGRAMS 
Top View 


28-Pin DIP 





44-Pin PLCC 
11134-002B 
: : 
S aes se oes oe 
ce 2 qaqaeqaeqedaeqeqcee<cécte 
FEE TE ET TET PT EET EET ET Lt 
6 5 4 3 2 1 44 43 42 41 40 
@ 
RD/DS L_] 7 391] AD6 
WARWI_] 8 3817] AD7 
A2(_j 9 37[7] RSRVD 
vss[_]10 36/77] vob 
DCL[7]11 351i] a6 
AiL]}12 3477] SD3R 
Ao[_}13 337] RSRVD 
FSC{ 414 3277] SD3X 
RES[(]15 31{_] SD2R 
ALE[_]16 301] SD2x 
CSLII7 13 19 20 21 22 23 24 25 26 27 2977-4 SDOR 
TLIO OO LO OOo 
Ok ac 2 QO x cf éCM Aa QQ 
z Se 
e-=-fSRPeta BBE EZ 
” w” nn InN HW YW 
Note: Pin 1 is marked for orientation. cc oc a ce 
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LOGIC SYMBOL 


Collision Three- 
Timing Data State 
Receive Control 


| DCL FSC 





PCM/IOM 


5V 


OV 
PCM 


uC SYSTEM 11134-003B 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 


(Valid Combination) is formed by a combination of: a 


eon0oer 


AM2075 J Cc B 


Device Number 


. Speed Option (if applicable) 
. Package Type 

. Temperature Range 

. Optional Processing 


| e. OPTIONAL PROCESSING 


a. DEVICE NUMBER/DESCRIPTION 
Am2075 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 


c. PACKAGE TYPE 


P = 28-Pin Plastic DIP (PD 028) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


b. SPEED OPTION 
Not Applicable 


ISDN Digital Exchange Controller (IDEC) 






Valid Combinations | 
AM2075 PC, JC, PCB, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


ADO-AD7 
Address-Data Bus (Input/Output) 


The multiplexed Address Data bus transfers data and 
commands between the pP system and the IDEC. 


cs 
Chip Select (Input) 


A LOW on this line selects the IDEC for a read/write 
operation. 


WR 

Write (Input) 

A LOW on this line indicates a write operation. 
RD 

Read (Input) 

A LOW on this line indicates a read operation. 
INT 

Interrupt Request (Output) 


This line is activated when the IDEC requests an 
interrupt. It is and open drain output. 

ALE 

Address Latch Enable (Input) 

A HIGH on this line indicates an address on the 


external address-data bus, selecting one of the 
internal sources or destinations. 


SDOR-SD3R 
Serial Data Receive (Input) 


SDOX-SD3X 

Serial Data Transmit (Output) 

SDe2xX is a collision output in Master Mode. 
DCL 

Data Clock (Input) 


Supplies a.clock signal either equal to or twice the 
data rate. 


FSC 
Frame Synchronization (Input) 


Data strobe signal. 

TSC 

Time Slot Control (Output) 

Supplies a control signal for an external driver. 


CDR 

Collision Data Receive (Input) 
RES 

Reset (Input) 

Vss 

Ground (Input) 


Vop 
+5 V Supply Voltage (Input) 
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FUNCTIONAL DESCRIPTION 
General Functions and Device Architecture 


The IDEC is an HDLC controller which handles four 
HDLC communication channels, each channel fully 
independent and programmable by its own register set. 
The circuit performs the following functions: 


~ Extraction (reception) and insertion (transmission) of 
the HDLC data packets in a time-division multiplex-bit 
stream. 


— Implementation of the basic HDLC functions of the 
layer 2 protocol. 


Operating Modes 


Each HDLC controller of the IDEC is assigned to one 

time channel governed either by time slot assignment or 

by an external strobe signal. Two basic configurations 

are distinguished (Figure 1). 

— Inthe Quad connection configuration, the four HDLC 
controllers (A—D) are connected to individual time- 
multiplexed communication lines. 


In the Quad connection configuration, two modes are 
distinguished as follows: 


~ Each connection is a time-slotted highway; the 
lengths and positions of the time slots are program- 
mable (quad-connection time slot mode). 


- Each connection is a communication line; the time 
channels are marked by an external strobe signal 
(quad-connection common control mode). 


— Inthe Single connection configuration, the four HDLC 
channels are all connected to one time-multiplexed 
communication line. 


Two modes are distinguished in turn for the single 

connection configuration as follows: 

— The connection is a standard IOM interface with 
predefined channel positions (single connection |OM 
mode). 





uC 


(a) 


— Interfacing of the data packets to the microprocessor 
bus. For the temporary storage of data packets, over- 
lapping FIFO structures are used per channel and 
direction. 


— Switching of data between serial interfaces. 


— Implementation of different types of collision 
resolution. 


— Test functions. 


— The connection is a time-slotted highway (single- 
connection time slot mode). 


For simplicity, a time-slotted highway will sometimes be 
referred to as a “PCM highway,” or PCM for short. 


Table 1. Four Basic Operating Modes of the IDEC 


MDS1 MDSO Mode Description 
0 0 Single connection time slot mode 
0 1 Quad connection common control 
mode 
1 0 Single connection IOM mode 
1 1 Quad connection time slot mode 


The four modes of operation are illustrated in Figure 2. 
Using channel-by-channel programming, one of anum- 
ber of collision detection modes may be selected in each 
of the basic modes of operation. For future reference, 
they are also depicted in Figure 2. 






--- > 
Auxiliary 
-----® Connections 


pC 


(b) 11134-004A 


Figure 1. (a) Quad Connection; (b) Single Connection Configurations 
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a. Quad Connection TS Mode 


Programmable Time Slots 


Receive 
Transmit 


Receive 
Transmit 
Receive 
Transmit 


Receive 
Transmit 


Collision 
Data 


A 


Slave/Multi-master 
Collision Mode 


c. Single Connection TS Mode 


Receive 
Transmit 


Collision 


Data 


Programmable Time-slots 





Slave/Multi-master 
Collision Mode 





b. Quad Connection Common Contro! Mode 


Strobe 


Receive 
Transmit 
Receive 
Transmit 
Receive 
Transmit 
Receive 
Transmit 


Collision 
Data 


Slave/Multi-master 
Collision Mode 


d. Single Connection IOM Mode 


Receive 
Transmit 


Collision 
Data 











Figure 2. Operating Modes of the IDEC 
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Slave/Multi-master 
Collision Mode 


11134-005,A 
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e. Single Connection TS Mode 


Programmable Time—Slots 


Receive Transmit 
Transmit Receive 
Collision Data 





Master Collision Mode 


f. Single Connection IOM Mode 


Programmable Time-Slots 


lOM B AC D 
Transmit 


Receive 


Collision Data 





Master Collision Mode 


Figure 2. Operating Modes of the IDEC (continued) 
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INTERFACES 
Microcontroller Interface 


The IDEC is programmable over an 8-bit parallel 
microconirolier interface. Easy and fast microprocessor 
access is provided by 8-bit address decoding the on 
chip. The interface consists of 13 lines and is directly 
compatible with processors of the multiplexed address/ 
data bus type. 


In addition to 8-bit processors, the IDEC supports a 
direct connection to 16-bit processors. Thus, through an 
internal address transformation, it is possible to access 
all IDEC registers using either even microprocessor 
addresses only or odd microprocessor addresses only. 


Serial Interfaces 


Depending on the selected mode, the IDEC supports 
four physicaily separate, full-duplex serial interfaces, or 
one full-duplex serial interface. 


In addition to the data input and data output lines, the 
serial interface requires a common data clock (input 
DCL) and a frame synchronization signal (input FSC). 
Input data is latched on the falling edge of DCL and 
output data is clocked on the rising edge of DCL. The 
IDEC may be programmed so that the data clock rate is 
either equal to the data rate, or twice the data rate. 


Table 2. Microcontroller Interface Signals of the IDEC 


Name and Function 


Address-Data bus. The multiplexed address/data bus transfers data and commands 


Chip Select. A LOW on this signal selects the IDEC for a read/write operation. 


Interrupt Request. The signal is activated when the IDEC requests an interrupt. It is 


Symbol Type 
ADO /O 
AD1 VO between the uC system and the IDEC. 
AD2 /O 
AD3 1/0 
AD4 1/0 
AD5 //O 
AD6 /O 
AD7 VO 
CS | 
WR | Write. This signal indicates a write operation. 
RD | Read. This signal indicates a read operation. 
INT OD 
an open drain output. 
ALE | 


address/data bus. 


Address Latch Enable. A HIGH on this line indicates an address on the external 
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INDIVIDUAL FUNCTIONS 
Channel Access 


The four HDLC controllers of the IDEC are connected to 
the serial interfaces as shown in Table 3. The table indi- 
cates the selection of the data channel, the selectable 
time-siot widths, the output driver type, and the function 
of the active-LOW Tri-State Control (TSC) output in 
each of the operating modes. 


The data output is set in a high impedance state outside 
the time channel where data is transmitted. 


Quad connection time slot mode. Channel selection 
is performed via the Time Slot Select registers (TSR). 
Foreach HDLC channel, the 8-bit TSR register gives the 
position of a time slot with a 2-bit resolution. The length 
of the time slot, either 1, 2, 7 or 8 bits, can be selected 
using the MODE register (CCS1, 0). These parameters 
are common to the receive and the transmit channel. In 
the case where the number of bits ina PCM frame is 256 
or 512, the frame synchronization signal FSC need not 
be provided at every PCM frame beginning because bit 
counters are automatically reset at frame end. When the 
PCM frame length is not equal to either 256 or 512 bits, 
the frame synchronization signal has to be provided at 
the beginning of every PCM frame. 


The tri-state control output line TSC marks the time 
slot when data is transmitted/received by the HDLC 
controller B. 


The position of atime slot with respect to FSC, as a func- 
tion of the TSR register contents, is shown in Figure 3. 


Quad connection common control mode. Channel 
selection is performed by an active HIGH strobe signal 
provided through the FSC input. The strobe signal is 
common to all four HDLC channels. The TSC output is 
active when the FSC strobe is active. 


Single connection TS mode. The time slots selected 
by the TSR registers all pertain to the same PCM high- 
way. The programming of a channel otherwise pro- 
ceeds exactly as explained above. The tri-state control 
output line TSC marks the time slots when data is trans- 
mitted/received by any of the four controllers. 


Single connection IOM mode. The IOM is an interface 
where a frame is composed of n IOM channels (n2 1; 
n= 8 in Figure 4a). Each 1OM channel has a unique 
structure. It consists of two 8-bit bytes, corresponding to 
the ISDN B-channels, a monitor byte, and a control byte 
of which the first two bits are allocated to the ISDN 
D-channel. In the single connection IOM mode, the se- 
rial interface has an IOM frame structure and the four 
HDLC channels are assigned to the D bits of four con- 
secutive IOM channels. The choice whether the four 
HDLC controllers are assigned to IOM channels 0-3 or 
4-7 is governed by the microcontroller bit VIS (Common 
Configuration Register). See Figure 4b. 


Table 3. HDLC Controller Channel Selection 






Fide 


MDS1|}MDSO 
MDS1;MDSO 







OD = Open-drain driver 
PP = Push-pull driver 


ee ra Output | Channel Control 
Driver Select Width | 7(TSC) |Description 
SDOR SDOR SDOR SDOR} SDOX SDOX SDOX SDOX]| PP orO0D | TSRA-D | 1,2,7,8 | TSRA-D |Single 
registers connection 
TS mode 
SDOR SDiR SD2R SD3R} SDOX SDiX SD2X SD3Xj] PP or 0D | FSC Arbitrary | FSC Quad 
strobe inverted jconnection 
mode 
SDOR SDOR SDOR SDOR} SDOX SDOX SDOX SDOX Fixed 
2-bit 
TSs 
SDOR SD1R SD2R SD3R} SDOX SD1X SD2X SD3X]| PP orOD| TSRA-D | 1,2,7,8 | TSRB Quad 
registers connection 
See ee TS mode 





Tri-State 






Channel 


Fixed Single 
2-bit connection 
TSs A-D jIOM mode 






The output driver type refers to the SDOX (or SDOX, SD1X, SD2X, SD3X) outputs. 


TSC is a push-pull signal. 
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Figure 3. Position of Time Slot for Different Channel Widths as a Function of TSR Register Contents 
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Figure 4. a) Multiplexed Frame Structure of the IOM Interface (n = 8) 
b) Assignment of HDLC Channels In IOM Mode 
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HDLC Communication Functions 

Basic HDLC Functions 

Each of the four controller channels handles the 

following basic HDLC functions. 

Receive direction: 

— Flag detection 
A zero followed by six consecutive ones and 
another zero is recognized as a flag. 

— Zero delete 
A zero after five consecutive ones within an HDLC 
frame is deleted. 

— CRC checking 
The CRC field of an HDLC frame is checked 
according to the generator polynomial 
KS aK a XP et. 

— Check for abort 
Seven or more consecutive ones are interpreted as 
an abort sequence. 

~ Check for idle 


Fifteen or more consecutive ones are interpreted as 
“idle,” and reported to the processor via a status bit. 


— Minimum length checking 


| HDLC Frame | 


Reception of frames with less than three bytes 
between opening and closing flag is not reported to 
the microcontroller. 

Transmit direction: 

— Flag generation 
A flag is generated at the beginning and at the end 
of every frame. 

— Zero insert 
A zero is inserted after five consecutive ones within 
an HDLC frame. 

— CRC generation 
The CRC field of the transmitted frame is generated 
according to the generator polynomial 
X18 4 X12 4 X94 1. 

— Abort sequence generation 
An HDLC frame may be terminated with an abort 
sequence under software control or due to a FIFO 
underrun condition. 

— Inter-frame time fill 
As inter-frame time fill, either flags or idle 
(continuous ones) may be transmitted. 





| | re Generated By HDLC Controller 





Ss Bytes Passed Through FIFO 


11134-008A 


Figure 5. HDLC Frame Structure 


Reception and Transmission Functions 
FIFO Structure 


Each HDLC controller uses a 64-byte FIFO per direction 
for the intermediate storage of data packets. All data 
bytes between the opening flag and the CRC field of an 
HDLC frame are passed through the FIFO. 


The Receive and Transmit FIFOs are both divided intwo 
blocks of 32 bytes each; one accessible to the micro- 
controller and one inaccessible to the microcontroller. 
While the microcontroller is reading (Receive FIFO) or 
writing (Transmit FIFO) data in one 32-byte block, the 
other block is filled (Receive FIFO) or emptied (Transmit 


FIFO) by the IDEC. Therefore, the length of the received 
or transmitted frame is not limited by the FIFO size. 


Reception of Frames 


In the case of a frame up to 64 bytes long, the whole 
frame may be stored in the Receive FIFO. After the first 
32 bytes have been received, the device prompts the 
microcontroller to read data from the FIFO. Having done 
this, the microcontroller releases the FIFO. This is 
effected by a software command, after which the rest of 
the frame, when ready, is made available to the 
microcontroller (Figure 6). 
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In the case of frames longer than 64 bytes, the micro- 
controller will repeatedly be prompted by interrupt to 
read out the FIFO by blocks of 32 bytes (except possibly 
the end of the frame if the total length is not a multiple of 
32 bytes). Again, after reading a block, the micro- 
controller acknowledges the data by a _ software 
command and thus releases the FIFO. If this is not done 
before an additional 32 data bytes are received, the next 
data byte will lead to a “data overflow” condition. 


In the case of several shorter frames, up to seventeen 
may be stored inside the HDLC controller. After an inter- 
rupt, one frame is available in the FIFO for the 
microcontroller to read. Up to sixteen other frames may 
be stored in the meanwhile in the upper half of the FIFO 
(Figure 7a). When the microcontroller releases the cur- 
rent data block from the FIFO by a software command, 
the next frame becomes available and the correspond- 
ing space is freed in the upper half for a subsequent 
frame (Figure 7b). 
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Figure 6. Receive FIFO in the Case of a Frame no Longer than 64 Bytes 
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Figure 7. Receive FIFO in the Case of Short Frames 
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The interrupts accumulating in the process are incorpo- 
rated into a queue and transferred one by one to the 
microcontroller along with additional information about 
the frame. In particular, the frame length is stored ina 
register. Information such as “frame aborted yes/no,” 
“CRC error yes/no,” “data overflow yes/no,” is included 
in an extra byte in the FIFO. 


Every interrupt has to be acknowledged by the 
microcontroller. A full FIFO at the beginning of a frame 
will lead to a frame overflow condition. 


lf the microcontroller does not wish to preserve an 
incoming frame, the possibility exists to ignore it. When 
the corresponding command is issued, the part of the 
frame stored is deleted and the rest of the entire frame 
will be ignored. 


Transmission of Frames 


2 ¢ 32 bytes of intermediate storage are provided per 
HDLC controller in the transmit direction. After up to 32 
bytes have been written to the FIFO, transmission is 
started by a software command. If the previous trans- 
mission is still underway when a new transmission com- 
mand is issued, microcontroller access to the FIFO will 
be blocked until the first transmission is completed 
(Figure 8). This means that at most one complete frame 
may be written to the FIFO before a transmission has to 


INaccessible 
To pC 


INaccessible 
To pC 





Transmission 


Accessible Inaccessible 











be initiated. If a transmission request does not include a 
“frame end” indicator, the HDLC controller will request 
the next data block via an interrupt if the FIFO contains 
not more than 32 bytes. This procedure will be repeated 
until the microcontroller indicates that the frame is to be 
closed. 


In the case when this indication is not given and there is 
no more data ready for transmission, the frame is 
terminated with an abort sequence and the 
microcontroller is notified via an interrupt. The frame 
may also be aborted per software command. The com- 
pleted transmission of an HDLC frame is reported by in- 
terrupt. 


The IDEC possesses flexible collision control capabili- 
ties which are totally transparent to the microcontroller. 
The collision control modes allow using the circuit in 
statistical multiplexing applications or in centralized or 
decentralized packet switches. Each of the four HDLC 
controllers is individually programmed in one of four 
modes by its own register bits CMS1—0 (Collision Mode 
Select). 


Table 4 lists the four collision modes that can be 
selected, along with the auxiliary I/O lines used in each 
case. The outputs SD1X and SD2xX can be selected to 
be of the open-drain or of the push-pull type. 
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Figure 8. Transmit FIFO 
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Table 4. Collision Modes of the IDEC 






CMS1 CMSO __ Description 


Unconditional 
transmission 


| o | 1 | Slavemode | | CR 
ee ee ee Se 











Unconditional Transmission Mode 


The HDLC controller transmits frames without collision 
detection on the transmit line (time channel). 


Slave Mode 


The input CDR (Collision Data Receive) is used to con- 
trol transmission of frames. This input is common to all 
HDLC controllers which are programmed in the slave 
mode. 


Transmission is inhibited by a LOW on the CDR input. If 
CDR becomes LOW during the transmission of a frame, 
the frame is aborted by the HDLC controller, and 
the data output is set to high impedance. (Refer to 
Figure 9.) 


The state of CDR is evaluated by the HDLC controller 
only in the time channel used for transmission by that 
controller. 


When CDR is switched HIGH, interframe time fill is 
marked in the transmit-time channel if no transmission 
request is pending; otherwise, transmission starts at the 
first available instant. Transmission of a previously 
aborted frame is automatically restarted by the HDLC 
controller if the beginning of the frame is still available in 
the transmit FIFO. Otherwise, an interrupt to the 
microcontroller indicates that the transmission has 
failed. 


The slave mode is applicable in all of the basic operation 
modes, in both single connection and in quad connec- 
tion applications. However, there is only one CDR line. 
This could be a restriction in the following cases: 


— The IDEC is configured in the quad connection 
common control mode and more than one HDLC 
controller is operated in the slave mode; 


— When a time slot is used by more than one HDLC 
controller in the slave mode. 


Inboth cases, more than one controller is evaluating the 
CDR line during the same time interval, and when CDR 
goes LOW, they all stop transmitting. 


Multi-Master Mode 


In the multi-master mode the controllers perform a bus 
access procedure and collision detection in their 
assigned time channel(s). As a result, any number of 
IDECs can be assigned to one physical channel, where 
they perform statistical multiplexing. 
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Collisions are detected by automatic comparison of 
each transmitted bit with the bit received over the CDR 
input. For this purpose, a logical “and” of the bits 
transmitted by parallel controllers is formed and con- 
nected to the input CDR. This may be implemented 
most simply by defining the output line driver to be of the 
open drain type (ODS = 1). Consequently, the logical 
“and” of the outputs is formed by simply tying them 
together (“wired or’). The result is returned to the CDR 
input of all parallel circuits. 


The multi-master mode is applicable in all operating 
modes, in both single connection and quad connection 
applications. Inthe quad connection mode, those output 
lines (SDOX. . .SD3X) for which this collision mode is 
selected may be connected to CDR. The four HDLC 
controllers may either be programmed to transmit in 
separate time channels or in the same time channel. A 
prerequisite for the multi-master mode is that the inter- 
frame time fill used is “idle.” 


When a mismatch between a transmitted bit and the bit 
on CDR is detected, the HDLC controller stops sending 
further data and its output is set to high impedance. 
(Refer to Figure 10.) As soon as it detects the transmit 
bus to be “idle” again, the controller automatically at- 
tempts to re-transmit its frame. By definition, the bus is 
assumed idle when x consecutive ones are detected in 
the transmit channel. Normally x is equal to 8. 


An automatic priority adjustment is implemented in the 
multi-master mode. Thus, when a complete frame is 
successfully transmitted, x is increased to 10, and its 
value is restored to 8 when a row of ten “1”s is detected 
on the bus. Furthermore, transmission of a new frame 
may be started by the HDLC controller after the tenth 
“1”. This multi-master, deterministic-priority manage- 
ment ensures an equal right of access of every HDLC 
controller to the transmission medium, thereby avoiding 
blocking situations. 


> 
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Master Mode ~ Resolution of collisions between data from the 
The master mode requires three auxiliary connections; auxiliary connection and HDLC frames from the local 
data input CDR, data output SD1X, and collision data microcontroller 

out SD2X. This mode is applicable only in single con- 

nection operation. In the master mode (refer to 

Figure 11), the controller performs two functions: 


— Switching of data packets between the main connec- 


tion SDOX, SDOR and the auxiliary input and output 
(CDR, SD1X) 


Time Interval For Transmission 


DCL 


Single Connection Mode: SDOX 


Quad Connection Mode: SD1X 


CDR 





Note: The CDR input is evaluated: 41194-012A 
— atthe falling edge of DCL, for a DCL rate equal to the data rate 
~ at the falling edge of DCL immediately preceding the rising edge, 
used for transmission for a DCL rate twice the data rate 


Figure 9. Transmission Control in the Slave Mode (Example) 
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Figure 10. Collision Detection in the Multi-Master Mode (Example) 
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Figure 11. I/O Connections in the Master Mode 


Inthe TS mode, the time slot programmed via the Time 
Slot Select Register (TSR) applies simultaneously to 
SDOX/SDOR and to the auxiliary lines CDR, SD1X, 
SD2xX. Inthe IOM mode, the TSR register selects a time 
channel on the auxiliary connections CDR, SD1X and 
SD2X only (however, the channel width selected should 
be two bits, as on the IOM interface, to ensure a correct 
data throughput). 


The switching of data from SDOR to SD1X is transpar- 
ent. The switching of data from CDR to SDOX depends 
on the state of the HDLC controller (transmit/no 
transmit) and on selected priorities, as follows. 


When no transmission command is issued to the HDLC 
controller, data is transparently switched through from 
CDR to SDOX. When a transmit request is issued, but 
the Force HDLC Frame (FHF) bit is not set to 1, the data 
currently being received (if any) on CDR is given priority. 
The HDLC controller starts transmitting its frame on 
SDOX only after CDR is detected to be idle; in other 
words, when a row of eight “1”s is observed on CDR. 
Simultaneously, SD2X is set LOW to indicate that no 
data will be accepted on CDR input data line. 


Figure 12a shows the time relation between CDR (data 
in) and SD2X (collision out) as well as the logical relation 
between SD2X and SDOX (data out). The figures are 
simplified in that the grouping of bits into time slots on 
SDOX, and on SD2X/CDR is not depicted. 


When a transmit command is issued and the Force 
HDLC Frame (FHF) bit is set to “1”, the frame currently 
being received on CDR is aborted. Seven “1”s are 
appended to the last bit of the aborted frame on SDOX, 
after which the HDLC controller starts transmitting its 
frame (Figure 12b). 


In both cases, SD2X is set HIGH again after a delay of 
eight bit-times following the last “0” of the closing flag, to 
indicate that data is accepted on the CDR input data 
line. However, if a new transmit command is issued 
before that time, SD2X remains LOW and transmission 
of the new frame starts immediately after the eighth “1”. 


Note on data delay in Master Mode. The data bits are 
switched from SDOR to SD1X and from CDR to SDOX 
with a minimum delay as shown in Figure 13. 
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Two cases are distinguished: c. IOM mode with a time sloton CDR/SD1X which does 
not coincide with the IOM channel bits on SDOR/ 
SDOX. In this case, the data bits undergo (in addition 
to the inherent delay due to the different bit positions) 
a delay of one bit time from CDR to SD0OX, whereas 
no additional bit delay is introduced when going from 
SDOR to SD1X. 


a. TS mode. 
In this case the time slots on SDOR/SDOX and on 
CDR/SD1X are identical. The data delay from CDR to 
SDOX is one bit, whereas the delay from SDOR to 
SD1X is two bit times. 


b. IOM mode with identical channel (time slot) on SDOR/ 
SDOX and CDR/SD1X. This case is identical to the 
previous one. 
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Figure 12. Collision Resolution in the Master Mode with Programmable Priority (FHF) 
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Figure 13. Bit Delay from SDOR/CDR to SD1X/SDOX (Minimum Delay) 


SDOR 


SDOX 





CDR 


SD1X 


meeq®eeoeweooe 
nN 4, 


b. Bit delay for non-identical channel/time slot position on SDOR/SDOX and on CDR/SD1X 
(possible only when SDOR/SDOX is an IOM interface) 


11134-017A 


Figure 14. Bit Delay from SDOR/CDR to SD1X/SDOX 
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Test Functions 


A test loop is provided in each of the four HDLC 
controllers of the IDEC. When the test loop is activated, 
the input and the output of the HDLC channel are con- 
nected together. The test loop control is independent for 
each HDLC channel (bit TLP). 


The test loop is either transparent (forward data is 
outputted on the line) or non-transparent (forward data 
is not outputted on the line), depending on the selected 
model .In the quad connection common control mode 
and in the single connection |OM mode, the loops 
are transparent. In the other cases they are non-irafis- 
parent. During a non-transparent loop, the data output is 
high impedance inside the assigned time channel. 


Communication multiplexers. The four independent 
serial HDLC Communication channels implemented in 
the IDEC make the circuit suitable for use in communi- 
cation multiplexers. The collision detection/resolution 
Capability of the circuit allows statistical multiplexing of 
packets in one or several physical data communication 
channels; for example, in DMI (mode 3) applications. 


Centralized signaling/data packet handlers. The 
IDEC can be used in central packet handlers of ISDN 
networks to process signaling or packet data of four 
ISDN subscribers. In this application, it may be used 
with or without the Am2055 Extended PCM Interface 
Controller (EPIC™). 


The IDEC can be connected to the IOM interface of the 
EPIC that is connected to the PCM system highway. 
The EPIC implements concentration and time slot 
assignment functions. As an alternative, the IDEC may 
be directly connected to PCM highways (Figure 15). 


The size (from 1 to 8 bits) and the position of the time slot 
associated with each HDLC controller is software pro- 
grammable. In addition to the receive and transmit data 
highways, the IDEC accepts a third input connection for 
collision detection purposes. The mode of collision 
detection is programmable. A “collision highway” (or 
time slot) can be used for remote collision control, as a 
“clear to send” lead, or for local contention resolution 
among several IDECs. 


Line cards in decentralized or mixed signaling/data 
packet handling architectures. The IDEC canbe used 


on peripheral line cards to process D-channel packets 
for ISDN subscribers. An Am2055 Extended PCM 
Interface Controller (EPIC) has the layer 1 controlling 
Capacity and a B-channel switching capacity for a total 
of 32 subscribers. The B- and D-channels and the con- 
trol information for eight subscribers is carried over one 
IOM interface. Thus a line card dimensioned for 32 
ISDN subscribers may employ up to eight IDECs, two 
for each IOM connection (Figure 16). The Am82520 
High Level Serial Communication Controller (HSCC) 
with two HDLC channels, or another IDEC, may be used 
to transmit and receive signaling over the system high- 
way inacommon channel. Again, such acommon chan- 
nel may be shared among several line cards, due to the 
Statistical multiplexing capability of these controllers. 


In completely decentralized D-channel processing 
architectures, the processing capacity of a line card is 
usually dimensioned to avoid blocking situations even 
under maximum conceivable D-channel traffic condi- 
tions. It may sometimes be more advantageous to 
perform p-packet handling in a centralized manner while 
keeping s-packet handling on the line cards. A statistical 
increase in p-packet traffic then has no effect on the line 
card and can be easily dealt with by one of the modular 
architectures for a central packet handler shown in the 
previous section. A more effective sharing of the total 
p-packet handling capacity is the result, especially in a 
situation where p-packet traffic patterns vary widely 
from one subscriber group to another. 


The use of IDEC in the mixed D-channel processing 
architecture is illustrated in Figure 17. The additional 
“transparent data” connections supported by the IDEC 
enable a merging of p- and s-packets into one D-chan- 
nel. Possible collision situations are dealt with by the 
IDEC which uses either the additional collision detect 
line (Figure 17a), or a time slot on the system highway 
(Figure 17b) from the line card to the central packet 
handler. 


Reset 


After a hardware reset (pin RES), the configuration/ 
command register bits are zeroed. No interrupts are 
active and all outputs are in a high impedance state. 
Table 5 sums up the state of the IDEC immediately after 
a hardware reset has been applied. 
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Figure 15. Use of IDEC in Central Signaling/Data Packet Handlers 
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Figure 16. Line Card in a Decentralized D-Channel Handling Architecture 
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Figure 17. IDEC on a Line Card in a Mixed D-Channel Processing Architecture 


2-70 Am2075 


Table 5. State of IDEC after a Hardware Reset 


Meaning 


Single connection TS mode interrupt vector may be read on 


AD bus bits 0-3. Bits per frame: 257 to 512. Bit rate is equal to 
clock rate. Output drivers are of the push-pull type. 


No interrupt from any IDEC channel. 
All channel interrupts are enabled. 


No interrupts from channel i. 

All channel i interrupts enabled. 

Transmit FIFO is ready to be written to. Receive line is idle. 
No commands 

Test loop not active. No collisions will be detected (uncondi- 


tional transmission). Interframe time fill = idle. Receiver deacti- 
vated. Channel i disabled (HIGH impedance output). Channel 
Capacity is 2-bits/time slot. 


Register Value after 
Name Hardware Reset (hex) 

Common 

Register 

CCR 00 

VISR 00 

VISM 00 

Individual 

registers 

| = A,B, 

C.D, 

ISTA 00 

ISM 00 

STAR 50 

CMDR 00 

MODE 00 

RFBC 00 

TSR 00 


Initialization 


The purpose of the initialization is to set the IDEC into a 
state where it is able to correctly transfer HDLC frames 
and to manage collisions according to the requirements 
of the application. 


The initialization process is divided into two phases. 
First, the common settings are determined via the regis- 


Zero bytes received. 
Time slot 0 selected. 


ters CCR and VISM. These registers determine the 
number of HDLC channels used, the serial interface 
configuration, and common characteristics of the serial 
input/output connections (Table 6). 


During the second phase, each of the HDLC channels is 
initialized via its own register set as shown in Table 7. 


Table 6. Initialization of IDEC (Common Bits) 


Function Register Bits 
Configuration CCR MDS1-—0 
Serial interface CCR ODS 
characteristics CRS 

BNS 
Interrupt VISM MIC3—0 
configuration CCR VIS 


Effect 


Basic configuration and timing mode 


Output driver type is open-drain or push-pull 
Clock rate = 1 or 2x data rate 


Number of bits per PCM frame 


Mask any HDLC channel(s) 
VISR may be read on AD bus bits 0-3 or 4-7 
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Table 7. Initialization of HDLC Channels (Channel-per-Channel) 


Function Register Bits 
Serial MODE CMS1-0 
interface CCS1-0 

TSR TSR7-0 
HDLC MODE ITF 
controller TLP 
CAC 
RAC 


interrupt Structure 


Special events are reported to the processor by an 
interrupt logic in the IDEC. This logic allows the connec- 
tion of more than one IDEC to one interrupt input of a 
microcontroller. 


The interrupt structure of the IDEC is depicted in Figure 
18. Each HDLC channel of the circuit has its own Inter- 
rupt Status Register (ISTA) where up to five possible 
interrupt causes may be read directly. When an interrupt 
occurs in one of the HDLC channels, the corresponding 
bit is set in the ISTA register and the interrupt line (INT) 
is activated. Simultaneously, a bit in the Vectored Inter- 
rupt Status Register (VISR) is set that indicates which of 
the four HDLC channels initiated the interrupt. Thus, to 
determine the cause of an interrupt, the microcontroller 
performs successively a read of the VISR register 
(address 36/3F) and a read of the ISTA register which 
was indicated by the contents of VISR. 


A read of the ISTA clears the register and deactivates 
the INT line. 


The position that the four bits of the VISR occupy on the 
AD7-0 bus when the register is read, is programmable 
via the Vectored Interrupt Selection bit (VIS, CCR regis- 
ter). Thus, when VIS = 0, the VISR bits are read on AD 
bit positions 0-3, and when VIS = 1, VISR bits are read 
on AbD bit positions 4—7. Unoccupied bit positions on the 
bus remain in a high impedance state. 


The bits in VISR can be selectively masked by setting 
the corresponding bits in the Vectored Interrupt Status 
Mask (VISM) register to prevent controllers from 
generating an interrupt. In that case, interrupts remain 
internally stored (pending) but are not displayed in the 
VISR or ISTA registers. Further, ISTA interrupts pertain- 
ing to a particular channel may be selectively masked 
via the Interrupt Status Mask register of that channel. 
Pending interrupts cause the INT line to be activated, 
and they will be reported via ISTA (and VISR) only when 
the mask bits in ISM (and VISM) have been reset. 


Effect 


Collision mode 
Channel capacity 
Time slot 


Interframe time fill pattern 

Test loop 

Activate channel (enable receiver + transmitter, 
enable data outputs) 

Activate HDLC receiver 


Processing 


After being initialized via the configuration/mode 
registers listed in Tables 6 and 7, the IDEC is 
operational. 


The control of the data transfer is performed by com- 
mands fromthe microcontroller written in the Command 
Register (CMDR). Events pertaining to the data transfer 
are reported by the Interrupt Status Register (ISTA) 
pointed to by the Vectored Interrupt Status Register 
(VISR). Other events that do not lead to interrupts may 
be monitored with the Status Register (STAR), and 
information about the receive frames is found in the 
RFIFO and in the Receive Frame Byte Counter (RFBC) 
Register. 


The powerful FIFO logic, which consists of a 2 e 32 byte 
receive and a 2 e 32 byte transmit FIFO per channel, as 
well as an intelligent FIFO controller, builds a flexible 
interface to the upper protocol layers implemented inthe 
microcontroller. 


Receive Frame Processing 


Reception of HDLC frames with three or more bytes 
between the opening and closing flags is always 
reported to the microcontroller. All bytes between the 
opening flag and the CRC field are stored in the RFIFO. 


When the frame (excluding the CRC field) is no longer 
than 31 bytes, the whole frame is transferred in one 
block. The reception of the frame is reported by the 
Receive Message End (RME) interrupt. The length of 
the frame can be read out from an 8-bit register (RFBC). 
A status byte is appended to the data in the RFIFO after 
an RME interrupt. It includes information about the 
frame, such as frame aborted yes/no or CRC valid yes/ 
no. The frame and the status byte remain stored until the 
microcontroller issues an acknowledgment (Receive 
Message Complete: RMC). 
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Figure 18. interrupt Structure of the IDEC 
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Figure 19. Reception of an HDLC Frame 
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A frame longer than 31 bytes is transferred to the 
microcontroller in blocks of 32 bytes plus one remainder 
block of length 1 to 32 bytes. The reception of a 32 byte 
block is reported by a Receive Pool Full (RPF) interrupt 
and the data in RFIFO#emains valid until this interrupt is 
acknowledged (RMC). This process is repeated until the 
reception of the remainder block reported by RME 
(Figure 19). Bits O—4 of the RFBC register represent the 
number of bytes stored in the RFIFO (including the 
Status byte). Bits 7—5 indicate the total number of 32 
byte blocks that were stored until the reception of the 
remainder block. Bits 7-5 do not overflow when the 
counter status 7 has been reached and indicate in this 
case a message length greater than 223 bytes. 


The contents of the RFBC register are valid only after 
the occurrence of the RME interrupt, and remain valid 
until the microprocessor issues an acknowledgment 
(RMC). All receive interrupts accumulated in the mean- 
time are stored (along with the status bytes and respec- 


tive frame lengths) inside the controller and transferred 
one by one to the microcontroller after each RMC 
acknowledgment. If a frame could not be stored due to a 
full FIFO, the microcontroller is informed of this via the 
Receive Frame Overflow interrupt (RFO). 


Transmit Frame Processing 


After checking the XFIFO status by polling the Transmit 
FIFO Write Enable (XFW) bit or after a Transmit Pool 
Ready (XPR) interrupt, up to 32 bytes may be entered 
by the microcontroller in XFIFO. Transmission of an 
HDLC frame is started when the Transmit HDLC Frame 
(XHF) command is issued. The HDLC controller will 
request another data block by an XPR interrupt if there 
are no more than 32 bytes in XFIFO and the frame close 
command bit (Transmit Message End XME) has not 
been set. When XME is set, all remaining bytes in 
XFIFO are transmitted, the CRC field and the closing 
flag of the HDLC frame are appended, and the controller 
generates a new XPR interrupt (Figure 20). 





IDEC 


HDLC 


(Transmission Of Flag 


2-74 





Pius 32 Bytes) 
XPR 
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(Transmission Of Remainder 
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Figure 20. Transmission of an HDLC Frame 
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The microcontroller does not necessarily have to trans- 
fer a frame in blocks of 32 bytes. As a matter of fact, the 
sub-blocks issued by the microcontroller and separated 
by an XHF command can be between 1 and 32 bytes 
long. 


If the XFIFO runs out of data and the XME command bit 
has not been set, the frame will be terminated with an 
abort sequence (Seven “1”s) followed by interframe time 
fill, and the microcontroller will be advised by a Transmit 
Data Underrun (XDU) interrupt. An HDLC frame may 


also be aborted by setting the Transmit Reset (XRES) 
command bit. 


Table 8 gives a summary of possible interrupts from the 
HDLC controller and the appropriate reaction to these 
interrupts. 


Table 9 lists the most important commands which are 
issued by a microcontroller by setting one or several bits 
in the Command Register (CMDR). 


Table 8. Possible Interrupt Causes and Reactions 








Mnemonic Meaning Reaction 

RPF Receive Pool Full Read 32 bytes from RFIFO and acknowledge with RMC 

RME Receive Message End Read “RFBC4—0” bytes from RFIFO and acknowledge with RMC 

RFO Receive Frame Overflow Error report for statistical purposes (loss of a complete frame). 
Probable cause: deficiency in software. 

XPR Transmit Pool Ready Write data bytes in the XFIFO if the frame currently being 
transmitted is not finished or a new frame is to be transmitted, 
and issue an XHF (and possible XME) command. 

XDU Transmit Data Underrun Acknowledged by a read of the ISTA. Possible causes: 
excessive software reaction times, or transmit data collision. 

Table 9. List of Commands 
Command 
Mnemonic HEX Bit 7-0 Meaning 

RMC 80 1000 0000 Receive message complete. Acknowledges a block RPF) or 
a frame (RME) stored in the RFIFO. 

RRES 40 0100 0000 Reset HDLC receiver. The RFIFO is cleared and the 
receiver enters the hunt phase. 

RMD 20 0010 0000 Receive Message Delete. The part of the frame in the 
RFIFO is deleted and the rest of the frame will be ignored 
by the receiver. 

XHF 08 0000 1000 Transmit HDLC Frame. Enables the transmission of the 
block entered last in the XFIFO. The frame is not yet 
complete. 

XHFC OA 0000 1010 Transmit HDLC Frame and close it with CRC and flag. 

F_XHF OC 0000 1100 Same as preceding, but used in Master mode to 
F_XHFC OE 0000 1110 enforce a transmission even in the case of a collision. 
XRES 01 0000 0001 Reset Transmitter. Clears the XFIFO; any frame currently 


being transmitted is aborted. 
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DETAILED REGISTER DESCRIPTION 
Register Address Layout 


The register set consists of: and, for each of the four channels, a set of individual 
registers (Figure 21). 
— one configuration register common to all four 
channels (CCR) In order to support the use of a 16-bit microcontroller, 
each register can be accessed with an even and an odd 


~ a maskable vectored interrupt status register (VISR, 


VISM) address value. 





Channel A Register 
Locations 


Channel B Register 
Locations 


Channel C Register 
Locations 


Channel D Register 
Locations 
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Figure 21. IDEC Register Map 
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The address map of the individual registers of each 
channel is shown in Table 10. In order to obtain the 
actual address of a register, a “base” has to be added to 
the address given in the table, as follows: 
base = 00 for channel A 
40 for channel B 
80 for channel C 
CO for channel D 


Register Description 
Common Registers 


Common Configuration Register (CCR) Read/Write. Value after reset: 00H 


Vectored Interrupt Status Register (VISR) Read. Value after reset: 00x 


7 


Table 10. Address Map of HDLC Channel Registers 


nea | ite 





0 





jwost] woso| vis | o | © | ens | crs | ons | 


MDS1,0 Mode Select 


Single connection TS mode 


Quad connection common control mode 
Single connection |OM mode 





Quad connection TS mode 


Vectored Interrupt Selection 

IOM channel 4 to 7 (IOM mode), bus bits 4 to 7 for VISR 
IOM channel 0 to 3 (IOM mode), bus bits 0 to 3 for VISR 
Bit Number Select 

PCM frame is at most 256 bits long 

PCM frame is 257 to 512 bits long 

Clock Rate Selection 

DCL clock rate is equal to twice the data rate 

DCL clock rate is equal to the data rate 

Output Driver Selection 

Tri-state 

Open drain 


The ODS bit selects the driver type simultaneously on all data outputs (and control output SD2X in 
Master mode). However, in the Single connection IOM mode, SDOX is open-drain, independent of the 


value of ODS. 


=[x[*[*[elele[o| 


ICO-3 Interrupt from Channel A-D 


When VISR is read, these four bits are placed on the data bus with an offset determined by bit VIS (register CCR). 
Other bit positions on the bus remain high impedance. 
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Mask for Vectored Interrupt Status Register (VISM) Write. Value after reset: 00H 
7 


oe De® TD & [oes Tce [es ce 


MICO-3 Mask for Interrupt from Channel 0-3. 
The mask bits are active HIGH. 


Amasked interrupt is not visible when VISR is read. Instead, it remains internally stored (pending). Any pending inter- 
rupt is generated and the corresponding ICO-3 bit is set when the mask bit is reset to zero. 


Individual Channel Registers 

FIFOs 

RFIFO (read), XFIFO (write) 

The FIFOs have an identical address range. All the 32 addresses give access to the current FIFO location. 


When the closing flag of a receive frame is detected, a status byte is appended to the data in the RFIFO. This byte has 
the following format: 


7 0 


_mec| moo] crc} ma} o | o | o {| 0 


RBC Receive Byte Count 
The length of the received frame is N e 8 bits if RBC = 1 (NE {1, 2, 3,. . .}). 
RDO Receive Data Overflow 
lf RDO = 1, part of the frame has been lost because the receive FIFO was full. 
CRC CRC Check 
The received CRC bytes were correct if CRC = 1. 
RAB: Receive Abort 
RAB= 1 implies that the received frame was aborted. 
A status byte equal to AO indicates a correctly received frame. 
Status/Command Registers 
interrupt Status Register (ISTA) Read. Value after reset: 00x 


7 0 


RME_ Receive Message End. 


One complete frame of length less than or equal to 32 bytes, or the last part of a frame of length 
greaier than 32 bytes is stored in the receive FIFO. 


RPF Receive Pool Full 
32 bytes of a frame have arrived in the receive FIFO. The frame is not yet completely received. 
RFO Receive Frame Overflow 
A complete frame was lost because no storage space was available in the RFIFO. 
XPR_ Transmit Pool Ready 
One data block may be entered into the XFIFO. 
XDU_ Transmit Data Underrun 
Transmitted frame was terminated with an abort sequence because either 
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1. no data was available for transmission in XFIFO and no XME command was issued, or; 


2. acollision has occurred after at least one block of data has been completely transmitted, and thus an 
automatic retransmission cannot be attempted. 


Note: It is not possible to transmit frames when an XDU interrupt remains unacknowledged. 


Mask for Interrupt Status Register (ISM) Write. Value after reset: 00x 


Each interrupt source in the ISTA register can be selectively masked by setting to “1” the corresponding bit in ISM. 
Masked interrupts are not indicated when ISTA is read. Instead, they remain internally stored and pending. An 
interrupt is generated after the mask Is reset to zero. 


Status Register (STAR) Read. Value after reset: 50x 
7 0 


xoov| xrw| sev] rua] x | x | x | x 


XDOV_ Transmit Data Overflow 
More than 32 bytes have been written into the XFIFO. 
XFW_ Transmit FIFO Write Enable 
Data can be entered into the XFIFO. 
BSY Busy state on the receive line 


A “0” in this bit position indicates an “idle” state on the input data line (15 or more consecutive 
ones). 


RNA _ Receive line Not Active 
This indicates whether flags/frames are being received on the line (0) or not (1). 
Command Register (CMDR) Write. Value after reset: 00u 


7 0 


ric | pres} aw | x | xwr | rer | xwe | xnes, 


RMC Receive Message Complete 





Reaction to RPF or RME interrupt. The receive frame (or one pool of data) has been read and the 
corresponding RFIFO storage space is freed. 


RRES Receiver Reset 
HDLC receiver is reset; the receive FIFO is cleared of any data. 
RMD_ Receive Message Delete 


Reaction to RPF or RME interrupt. The entire frame is to be ignored by the receiver. The part of frame 
already stored is discarded. 


XHF Transmit HDLC Frame 
Transmission of an HDLC frame is (or of a block thereof) initiated. 
FHF Force HDLC Frame 


Used in the Master collision mode (CMS1,0 = 11). When this bit is set and a Transmit HDLC Frame 
(XHF) command is issued, the controller aborts the frame from CDR (if any) by sending seven “1”s on 
SDOX and then starts transmission. 


XME_ ‘Transmit Message End 
Indicates that the current transmit frame is to be closed with CRC and flag. 
XRES Transmitter reset 


HDLC transmitter is reset, XFIFO is cleared of any data, and the HDLC frame currently being trans- 
mitted (if any) is aborted. 
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Mode Register (MODE) Read/Write. Value after reset: 00x 


7 | 0 
Hiicalt Coosa basnaed it Lied Conca Reese Rocac 


TLP Test Loop 


Input and output of HDLC channel are connected together (TLP = 1). The test loop is either trans- 
parent (if MDS1,0 = 01, 10) or not (if MDS1,0 = 00, 11). 


CMS1,0 Collision Mode Select 


|emsi_| cmso_| Descriptions 


fo 9 6f lo Unconditional transmission 
po =| tt | _ Slave Mode 
| tf 0 |__ Multi: master mode 


ee 


ITF Interframe Time Fill 
Idle (ITF = 0) or flags (ITF = 1) are used as interframe time fill. 
RAC Receiver Active 
Receiver is activated (1) or deactivated (0). 
CAC Channel Active 


A channel is completely disabled (receiver and transmitter are inactive, transmit line is high imped- 
ance, no TSC is output) as long as CAC is “0”. Only TS modes (MDS1,0 = 00 or 11). 


CCS1,0 Channel Capacity Select 


These bits select the number of bits in the time slot where data are received and transmitted. They 
have a significance only when MDS1,0 = 00 or 11 (Single connection TS mode and Quad connection 
TS mode). 


The bit rates given below assume a channel repetition rate of 8 KHz. 










Receive Frame Byte Counter (RFBC) Read. Value after reset: 00x 
7 0 


aver | Roce] Rocs| apca| ance | ppc? | Roci| Roco 


RDC7—-0 Receive Data Count 


Total number of bytes of received frame, including the status byte. The contents of the register are 
valid after an RME interrupt. RDC4—0 indicate the length of the data block currently available in the 
receive FIFO. RDC7-—5 count the number of full 32-byte blocks of a frame which have already been 
received. If the frame length exceeds 223 bytes, RDC7-5 hold the value “111”; only RDC4—0 continue 
to count modulo 32. 
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Time Slot Register (TSR) Write. Value after reset: 00x 





TS7—0 Time Slot Select 


Determine the particular time slot where the HDLC controller is to receive and transmit. This register 
has a significance only when MDS1,0 = 00, 10 or 11 (single connection modes and quad connection 
TS mode). The register gives the position of a time slot (either 1, 2, 7 or 8 bits wide, cf. CCS1,0) in 2- 
bit increments (2-bit resolution). The position of the time slot is relative to a Frame Sync signal that 
marks the beginning of a PCM frame. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Ambient temperature under bias ........ 0 to +70°C Commercial (C) Devices 
Storage temperature .............. 65° to +125°C Ambient Temperature (Ta .... 0 to +70°C 
Voltage sh any ae Serr Supply Voltage (Voo) ........ 5 V +5% 
NEE omne ar ere Mee ge iy eae Operating ranges define those limits between which the 
Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 


maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges 
Ta = 0 to +70°C; Von = 5 V +5%, Vss = 0 V. 














Parameter Parameter Limit Values 

Symbol Descriptions Test Conditions Min. Max. Unit 
Vit Input low voltage = 0: V 
Vin Input high voltage ce + 0.4 V 
Vot Output low voltage =  ___ lax. “0.45 V 
Vou Output high voltage: V 
Vou Output V 

Inputs at 0 V/Vpo, 

e \ No output loads mA 
lu ~ Input leakage current 0V<Vin<Vooto0V +10 pA 
ILo Output leakage current 0 V < Vout < Von to0 V +10 pA 
CAPACITANCES 
Ta = 25°C, Von = 5 V 5%, Vss = 0 V. 

Parameter Parameter Limit Values 

Symbol Descriptions Test Conditions Min. Max. Unit 
Cin Input capacitance 7 pF 
Cio VO 7 pF 
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SWITCHING CHARACTERISTICS 
Ta = 0 to +70°C, Von = 5 V +5% 


Inputs are driven to 2.4 V for a logical “1” and to 0.4V for for a logical “1” and at 0.8 V for a logical “0”. The AC 
a logical “O”. Timing measurements are made at 2.0 V testing input/output waveforms are shown below. 






2.4 






2.0 ~~ 
Test Points 
08 






7 2.0 
No.8 


0.4 


Figure 22. Input/Output Waveform for AC Tests 
11134-025A 
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Microcontroller Interface Timing 
Timing Characteristics 

























Parameter Parameter 
Symbol Descriptions Test Conditions Min. Max. Unit 
taa ALE pulse width 50 “i ns 
taL Address setup time to ALE : — ns 
tla Address hold time from ALE = ns 
trR RD pulse width ue A = ns 
tro Dat tt t _ 20 ns 
tor  Nidie nati dalaces Te 2 25 ae 
tri AD cé aval: 75 — ns 
tww "|: WR piise width eee 60 — ns 
tow Data setup time to WR+CS 30 — ns 
two Data hold time from WR+CS 10 — ns 
twi WR control interval 70 — ns 
—— > 'AA | <¢— 
ALE ff NV 
, 
; Shee 
— : <->: -¢——'p, ——> 
CS+ RD - 

' \ it \ / 

U i) -v, e 

| Se 

ita 3 
1 ——fe tap 


oS oF 
ro a FP PP os * “ 
ot 
RT te I SoM a Sa \ 
Fe 
FF EE 
Wt 
Ree a me Sa " 


‘S 
CO a 
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Figure 23. uP Read Cycle 
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Figure 24. uP Write Cycle 
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SERIAL INTERFACE TIMING 
DCL CHARACTERISTICS 


Parameter Parameter 
Symbol Descriptions 


tp DCL period 4 gif gle 







Max. 
















sass Sees 





Test Conditions 





See 
Ses 


2.0 V 


0.8 V 
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Figure 25. Definition of DCL Period and Width 
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Input/Output Characteristics 
FSC in Single Connection Modes and Quad Connection TS Mode 


FSC Characteristics 


Parameter Parameter 


Symbol Descriptions Test Conditions 













trs FSC setup time 
tr FSC hold time 


top Op data oe 60 





tios Gi: ta set i 25 
tiDH “= Input data hold” 20 
toor Output data delay from FSC See note 150 


Notes: This delay is applicable in two cases only: 
1. When FSC appears for the first time; 6.g., at system power-up 
2. When the number of bits in the PCM frame is not equal to either 256 or 512 


DCL 
\ f 
: f ian 
‘FS t t 
ODD ca ODD 
ODF 
 <q— 


Bad oe 
Data Out N [Att fistbitoftrame XE and bit oframe_| 7 


DCL rate 
equal to twice 
the data 
rate iy 
Data In 
t 
ODD, 


\| 8 
Data Out : 1st bit of frame 


DCL rate 
equal to twice 


the i / 1st bit } 
ree Y of frame 


Data In 
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Figure 26. FSC Timing Characteristics 
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FSC in Quad Connection Common Control Mode 








Parameter Parameter 

Symbol Descriptions Test Conditions Min. Typ. Max. 
trsi FSC set up time 60 

teH1 FSC hold time 

tozp Output data from high — 80 


impedance to. activ 












topz Dut 0 

tooo “Outpu 60 
from DEL © 

tips Input data setup 95 

tow Input data hold 50 


DCL 


FS1 
FH1 


FSC | 
‘ozp-* 
, 'opz 
ODD : 


High Impedance High Impedance 


Data Out 


Data In ( 
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Figure 27. FSC (Strobe) Characteristics 
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Parameter Parameter 











Symbol Descriptions A 
tooo 60 
tips 
tidy 
ttcp 60 
DCL 
a 
DATA OUT ee 
DATA IN 
'ToD 
TSC 
11134-031A 
Figure 28. Data I/O Characteristics 
Data out: SDO0X in Single connection modes 


SDOX, SD1X, SD2X, SD3X in Quad connection modes 
SD1X, SD2X in Master mode 


Data in: SDOR in Single connection mode 
SDOR, SD1X, SD2R, SD3R in Quad connection modes 
CDR in Slave, Multi-master and Master modes 


RES Characteristics 


Parameter 


Symbol 
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PHYSICAL DIMENSIONS 
PD 028 






0.45701 





1.5 max 





Note: Physical dimensions are in mm. 
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PHYSICAL DIMENSIONS (continued) 
PL 044 





) 






IAUPTHtQUATATATAI 





Note: Physical dimensions are in mm. 
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| Preliminary | Preliminary | cl 


Am2080/B 


S-Bus Interface Circuit (SBC) 


DISTINCTIVE CHARACTERISTICS 


@ Full duplex 2B + D S/T-interface transceiver 
according to CCITT 1.430 


Advanced 
Micro 
Devices 


NT, TE and LT operating modes 


H Receive timing recovery according to selected 
™ Conversion of the frame structure between the operating mode 
n ™ interf 
a onto mueueeee = Frame alignment with absorption of phase 
™@ D-channel access control wander in trunk line applications 
= Activation and deactivation procedures Switching of test loops 
SEGOIEIS CEL Wire Advanced CMOS technology 
@ Built-in wake-up unit for activation from 
power-down state ™ Low power consumption: 
—Standby less than 4 mW 
™ Adaptively switched receive thresholds —active max 60 mW 
= Control via IOM interface 
BLOCK DIAGRAM 
aan | BUFFER SDI 
SX2 


mo 


- CH 
SR1 iL wy 
aneee 


SR 


Nh 
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Mode 


™—O DAZOO 


” 


DO 


Z—» Special 
Purpose 


DCL 
FSC 
CP 
11135-001A 


Publication # 11135 Rev. B Amendment /0 
Issue Date: June 1989 


GENERAL DESCRIPTION 

The Am2080 S-Bus Interface Circuit (SBC) implements 
the four-wire S/T-interface used to link voice/data termi- 
nals to an ISDN. Through selection of operating mode, 
the device may be employed in all types of applications 
involving an S-interface. In particular, two or more SBCs 
can be used to build a point-to-point, passive bus, ex- 
tended passive bus, or star configuration. 


Specific ISDN applications of the SBC include: ISDN 
terminals, ISDN network termination (central office and 
PABX applications), and PABX trunk lines to central 
Office. 


The device provides all electrical and logical functions 
according to CCITT recommendation !.430. These in- 
clude mode-dependent receive timing recovery, D- 
channel access and priority control, and automatic han- 
dling of activation/deactivation procedures. The SBC 
does not require direct microprocessor control. 


The SBC is anlOM compatible, 22-pin CMOS device. It 


operates from a single +5 V supply and features a 
power-down state with very low power consumption. 





Am2080/B 2-93 





CONNECTION DIAGRAMS 
Top View 


22-Pin DIP 


r— RSRVD 
21/7] SR1 
20 | _} SR2 
MiC_] 19 [—] XTAL1 
18 [_} XTAL2 
17 F] vss 
16 [7] cP 
SDIL_ 15 [] Mo 

x2] 14 [7] x1 
RST 13 [7] Xo 
X3L_ 12 [7] M2 
11135-002A 






Am2080 





28-Pin PLCC 
Q 
a ¢ R 
N =r _- 
So © S £ 5 & G& 
Po a ae 
4 3 2 1 
e 





Am2080 
Am2080B 


14 
os 
o 
~< 


13 


Leal 
- 
Y”) 
a 


Note: Pin 1 is marked for orientation. 






RSRVD | | 


22-Pin DIP 


221 | SR2 
21/7] SRI 
20 |] RSRVD 
Mi[7] 19 [7] XTAL1 
: Am2080B 18} _] XTAL2 
17 [7] vss 


16/—] CP 
spill 15 [_] Mo 
x2[_ 14,7] x1 

RST 13 [7] Xo 
x3{_] 12 [7] M2 

11135-002A 
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LOGIC SYMBOL 


2:1 












oe 
nterface 
10 nF 
-t 221 
modes { = ohm 
Am2080 
clock 
special 
purpose —_ 7.68 MHz +100 ppm 





VDD vss’ RST 


wa | +5 V | OV Reset 11135-03A 
*Terminating resistors only at the far ends of the connection 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


P Cc B 
| eae e. OPTIONAL PROCESSING 
Blank = Standard Processing 
B= Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
c. PACKAGE TYPE 


P = 22-Pin Plastic Dip (PD 022) 
J = 28-Pin Plastic Leaded Chip Carrier 
(PLR 028) 


AM2080 
AM2080B 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2080 
S-Bus Interface Circuit (SBC) 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 








Valid Combinations 


AM2080 
AM2080B PC, JC, PCB, JCB 
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PIN DESCRIPTION 


CP 
(Input/Output) 


Clock pulses, depending on selected operating mode; 
CP provides synchronous clocks. 


DCL : 

Serial Data Clock, IOM Interface (Input/Output) 
FSC 

Frame Sync, IOM Interface (Input/Output) 
M2-—MO, X3 

Setting of Operating Mode (Input) 

RST 

Reset, Active Low (Input) 

SDI 

Serial Data In, 1OM Interface (Input) 
SDO 

Serial Data Out, IOM Interface (Output) 
SR1 

S-Bus Receiver (Output) 

2.5 V Reference Output. 

SR2 

S-Bus Receiver (Input) 

Signal Input. 

SXx1 

S-Bus Transmitter (Positive Output) 
SX2 


S-Bus Transmitter (Negative Output) 


UFI 
User Filter (Output) 


Connection for external pre-filter for S-Bus receiver, if 
used. Available on PLCC only. 


VDD 

(Input) 

Power Supply, + 5 V + 5%. 
VSs 

(input) 

Power Supply, Ground. 


X2-X0 

(Input/Output) 

Functions depend on the selected operating mode; see 
Operating Modes section. 


X4 

Mode Selection (Input) 

Must be tied Low (0) if external pre-filter for S-Bus 
receiver is used (pin UFI). 


XTAL1 

(Input) 

Connection for External Crystal or Input for External 
Clock Generator 

XTAL2 

(Output) 


Connection for external crystal, not connected when 
external clock generator is used. 
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FUNCTIONAL DESCRIPTION 

The Am2080 S-bus interface circuit performs the OS! 
layer 1 functions for the S/T interface of the ISDN basic 
access. 

General Functions and Device 
Architecture 


The common functions for all operating modes are: 


@ line transceiver functions for the S interface 
according to the electrical specifications of CCITT 
1.430 


™ dynamically adaptive threshold control for the 
receiver 


™ conversion of the frame structure between |OM 
and S interfaces 


M code conversion fromto binary to/from Alternate 
Mark Inversion 


Mode-specific functions are: 
H receive timing recovery 


@ timing generation using IOM timing synchronous 
to system, or vice versa 


m™ D-channel access control and priority handling 
@ D-channel echo bit generation 


™ activation/deactivation procedures, triggered by 
primitives received over the IOM interface or by 
INFOs received from the line 


# frame alignment according to CCITT Q.503 
@ execution of test loops 


Analog Functions 


The full-bauded pseudo-ternary pulse shaping is 
achieved with the integrated transmitter which is real- 
ized as a voltage-limited current source. A current of 7.5 
mA is delivered over SX1-SX2, which yields a voltage of 
1.5 V over 200 ohms. The receiver is designed as a 
threshold detector with adaptively switched threshold 
levels. Pin SR1 delivers 2.5 V as an output, which is the 
virtual ground of the input signal on pin SR2. 


An external transformer of ratio 2:1 is needed in both re- 
ceive and transmit direction to provide for isolation and 


transform voltage to CCITT 


recommendations. 


levels according 


Digital Functions 


A DPLL circuitry working with a frequency of 7.68 MHz 
100 ppm serves to generate the 192 kHz line clock from 
the reference clock delivered by the network and to ex- 
tract the192 kHz line clock from the receive data stream. 


The 7.68 MHz clock may be generated with the use of 
external crystal between pins XTAL1 and XTAL2. it may 
also be provided by an external oscillator, in which case 
XTAL2 is left unconnected. The “Control” (Block Dia- 
gram) block includes the logic to detect OSI layer 1 com- 
mands and to communicate with external layer 1 or layer 
2 devices via the IOM interface. 


An incorporated finite state machine controls ISDN OSI 
layer 1 activation/deactivation. 


The D-channel access procedure according to CCITT 
1.430, including priority management, is fully imple- 
mented in the SBC. When used as an S-bus master ina 
multipoint configuration, the device generates the echo 
bits necessary for D-channel collision detection. In the 
NT-mode, the echo channel may be made externally 
available through an auxiliary pin and thus “Intelligent 
NTs” (star configuration) may be implemented. In termi- 
nal applications (TE) the Q channelas specified by 1.430 
is supported, stepping A6 and up. The SBC sends a bi- 
nary 1 in FA bit position to allow another terminal to use 
the extra transmission capacity. 


The buffer memory serves to adapt the different bit rates 
of the S and IOM interfaces. In addition, in trunk line ap- 
plications it absorbs the possible deviation between two 
system clocks, according to CCITT Q.503. 


Operating Modes 


The operating modes are determined by pin strapping 
on pins MO to M2. The four basic operating modes are: 
TE, NT, LT-S, and LT-T. In three of these operating 
modes, the IOM may be programmed to function in the 
normal mode, inthe inverted mode (clock frequency 512 
kHz), or in the inverted MUX mode (clock frequency 
4096 kHz). To see which IOM timing mode is applicable 
in the four basic operating modes, refer to Table 1. The 
functions of the operating mode-specific pins are given 
in Table 1 as well. 
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SYSTEM INTEGRATION 


The SBC implements the four-wire “S” and “T” inter- 
faces used in the ISDN basic access. It may be used at 
both ends of these interfaces. The applications include: 


@ ISDN terminals (TE) 
@ ISDN network termination (NT) 


™@ ISDN subscriber line termination (LT-S) 


@ ISDN trunk line termination (LT-T) 
(PABX connection to Central Office) 


These applications are shown in Figure 1 where the 
usual nomenciature as defined by the CCITT for the ba- 
sic access functional blocks and reference points has 
been used. 





Terminals 
TE 


Exchange Termination 





Note: Shaded areas indicate where SBC can be used. 
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Figure 1. Applications of the Am2080 SBC 
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Figure 2. Some S-interface Wiring Configurations 


Some of the wiring configurations possible with the SBC 
for the S-interface are shown in Figure 2 with approxi- 
mate typical distances. TR stands for terminating 
resistor. The maximum line attenuation tolerated by the 
SBC is 15 dB at 96 kHz. 


Figure 3 gives an example of an application of the SBC 
in an |OM (ISDN Oriented Modular) architecture. By 
separate implementation of OSI layer 1 and layer 2 func- 
tions, and through unified control procedures, the archi- 


tecture provides flexibility with respect to various trans- 
mission techniques. The IOM devices are all low-power, 
high-integration, single +5 V supply CMOS devices. 
Through mode switching, each device may be used in 
several applications. With one limited set of devices, all 
ISDN basic access configurations are covered. Note 
that none of the compatible layer 1 devices (SBC, IBC, 
IEC™) require direct microprocessor control. The IOM 
interface provides all necessary communication 
functions. 
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point-to-point / bus 
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Figure 3. ISDN Oriented Modular (IOM) Architecture 
SBC Am2080 S-Bus Interface Circuit IDC #Am79C32A _ ISDN Data Controller 
IBC Am2095 ISDN Burst Transceiver Circuit EPIC Am2055 Extended PCM Interface Controller 
IEC Am2090 ISDN Echo Cancellation Circuit IDEC Am2075 ISDN D-channel Exchange Controller 
DSC Am79C30A _ Digital Subscriber Controller 
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Table 1. Operating Modes and Functions of Mode-Specific Pins of the Am2080 SBC 








Operation 

Appll- of IOM 

cation Interface M2 M1 Mo DCL FSC CP X3 X2 X1 X0 

TE inverted O OO O 0:512 kHz* 0:8 kHz* O:1536 kHz* I:ENCK 0:2560 kHz 0:3840 kHz O:RDY 
mode 

TE inverted ‘on @) 1 0:512 kHz* O:8 kHz* O:1536 kHz* I:ENCK 0:1280 kHz 0:3840kHz O:RDY 
mode 

TE normal 0 1 0 0:512 kHz* O:8kHz* O:1536 kHz* |:ENCK O:ECHO 0:3840 kHz 1:CON 
mode 

LT-T MUX mode 0 1 1 1:4096 kHz 1:8kHz 0O:512 kHz _I:fixed :TS2 :TS1 TSO 
inverted at 1 

LT-T normal 0 1 1 :512kHz I:8kHz 0O:512 kHz* _ I:fixed I:fixed I:fixed I:CON 
mode at 0 at 0 at 0 

NT normal 1 1 1 :512kHz 1:8kHz = §1:SCZ :BUS I:SSZ :DEX /O:DE 
mode 

LT-S MUX mode 1 0 60 1:4096 kHz I:8kHz _ I:fixed I:BUS 1:TS2 :TS1 I:TSO 
inverted at 0 

LT-S normal 1 1 0 :512kHz 1:8kHz _ I:fixed I:BUS I:fixed O:7680 kHz _I:fixed 
mode at 0 at 0 at 0 

LT-S normal 1 1 0 1:512 kHz i8kHz = I:fixed 1:BUS 0:192 kHz* 0:7680 kHz __I:fixed 
mode at 0 at 1 


*synchronized to S 


I: input 

O: output 

SCZ Send continuous binary zeros (96 kHz) (if CP = 0) DEX  D-channel echo external/internal 
ENCK Enable clock at all times RDY D-channel status on S-interface 
BUS Bus configuration specified CON Connected to S-bus 





TS2—0 Timeslot number on IOM 
SSZ Send single binary zeros (2 kHz) 


este Pn A TS PRPS ST ERE SSC AT SEES TER ET EES DT PST TS ET eI TE TEE OGL TET OE ELE TT ETT AGS ITE ETE I I TTL EN ER ED 
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INTERFACES 


S Interface 
According to CCITT recommendation 1.430, a modified current), whereas logical Os are coded as alternating 
AMI code with 100% pulse width is used on the S inter- positive and negative pulses. An example of a modified 


face. A logical 1 (one) corresponds to a neutral level (no AMI code is shown in Figure 4. 





Binary values 01003110 001 1 
+V aw ee oo wo 
Line signal | | | | | 
a 
11135-007A 
Figure 4. Modified AMI Code 


One S-frame consists of 48 bits, at a nominal bit rate of (total useful data rate: 144 kbps). Frame begin is 
192 kbps. Thus each frame carries two octets of B1, two marked using a code violation. The frame structures 
octets of B2, and four D-bits, according to the (from network to subscriber, and subscriber to network) 
B1 +B2-+D structure defined for the ISDN basic access are shown in Figure 5. 


48 bits in 250 microseconds 





NT to TE 


F i Bi—pe-|EDAFNee— Bo —pe|EDMbee— 81 —t|EDSheq— B2 —plE DLL. 


o- 6 














2 bits 
offset 
TE TO NT 


DL FL. jeg— B81 —pef LDL Fylfeg— B2 —pe|i.DLpe— 81 —pe] lL. Di feg— B2—p|L.DL.F L. 


rr 
pene SS nn 


Z=e=@Q 





= Framing bit 

= DC balancing bit 

= D-channel bit 

= Bit within B channel 1 

= Bit within B channel 2 

= D-echo-chanel bit 

« Bit used for activation 

« Auxillary framing bit or Q-bit 
= Reserved for future standardization 
= Multiframing bit 

= Binary Value :N=FA 


Note: Dots demarcate those parts of the frame that are independently DC-balanced. 


Figure 5. Frame Structure at Reference Points S and T (CCITT 1.430) 
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Digital Interface 


The SBC has a digital interface with both a normal mode 
and a MUX mode in order to communicate with units re- 
alizing OSI layer 1 functions, such as the Am2090 ISDN 


Echo Cancellation (IEC), or layer 2 functions, such as 
the Am2075 IDEC. 





SDI/SDO 
SDO/SDI 
InLT-S1 SBC IDEC 
InNT1 SBC IEC 
In LT-T1 SBC IDEC : 
InTE1 ICC SBC Bidso-00eh 


Figure 6. IOM Interface Signals 


For each application, the ISDN data rate of 144 kbps is 
transmitted transparently via the interface. In addition, it 
is necessary to interchange control information for acti- 
vation and deactivation of OSI layer 1 and for switching 


SDI 
SDO 





[rd S*dSC Motor sd 


(p [o fenfen fenfen{ t |e 


of test loops. This information is transferred using time 
division multiplexing with a 125 us total frame length. 
The basic frame consists of four octets as shown in 
Figure 7. 
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Figure 7. |OM Interface Frame Structure 


1st octet B1: B channel (64 kbps), most significant bit 
first 
2nd octet B2: B channel (64 kbps), most significant bit 
first 
Monitor channel (64 kbps), most 
significant bit first 
4th octet B*: 2 bit D channel (16 kbps) 
4 bit C/I channel 
T channel: not used with SBC 
E bit: not used with SBC 


3rd octet: 


The OSI layer 1 functions are controlled by the state ori- 
ented four-bit Command/Indication codes (C/I). The 
codes originating from OSI layer 2 devices are called 
“command” primitives, and those sent by the SBC are 
termed responses, or “indication” primitives. For a list of 
the C/I codes and their uses, refer to List of Control 
Codes. 


ssn rm UU ehh Ef PS GS SU SE ASE SSIS SILENT DSSS 
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Individual Functions 


The SBC transmits data between the IOM interface and 
the line interface. Data clock pulses are received from 
the IOM interface and applied to clock the line interface 
S (NT, LT-S) or vice versa (TE, LT-T). In the active state 
the data of the B-channels is switched through 
transparently. The data of the D-channel is handled in 
the same manner as in the NT, LT-S and LT-T applica- 
tion. Inthe TE mode, switching of the D-channel is sub- 
ject to S-bus D-channel access procedure and collision 
detection. 


IOM Slave 


eeererececerenne] (f/) 


(a) NT 





Clock and frame synchronization varies from applica- 
tion to application. The timing relations in the different 
modes are summarized in Figure 8. 


The frame positions have been selected to minimize the 
round-trip delays of the B channels, which are 125 ps for 
TE, NT and LT-S in normal IOM mode, max. 250 us for 
LT-T in normal IOM mode and LT-S in inverted MUX 
mode, and max. 375 ys for LT-T in inverted MUX mode. 


IOM Master 


— » Central Network 


a 


IEC = Am2090 ISDN Echo Cancellation Circuit 
Note: Reference clock (512 kHz, duty cycle 1.2) may be used to drive; e.g., NT2 clock generator. 
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Figure 8. Clocking of SBC in Different Operating Modes 


Test Functions 


Two kinds of test loops may be closed inthe SBC, which 
depend on the selected mode of operation. In both test 
loops, all three channels (B1, B2 and D) are looped 
back. In a “transparent” loop, the data is also sent for- 


ward (in addition to being looped back), whereas in a 
“non-transparent” loop, the forward data path is 
blocked. These test loops are shown in Figure 9. 





Ss 
4 
INFOO + 
o-=- p> ! 
TL3 TL2 SBC OM 
ee | 
' INFO4 
TE/LT-T : NT/LT-S 
Non-transparent ' Transparent 
test loop 3 ‘ test loop 2 
¢ 
11135-012A 


Figure 9. Test Loops of Am2080 SBC 





Two kinds of test signals may be sent by the SBC: 
continuous zeros according to modified AMI coding 


(96 kHz repetition rate) and single AMI zeros (2 kHz 
repetition rate). 


enn en cS PSS GOSS PSS SO TT SPSS eS 
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OPERATIONAL DESCRIPTION 


The internal finite state machine of the Am2080 SBC terns. Anexample of activation and deactivation withthe 
controls the activation/deactivation procedures, switch- respective commands and indications is shown in 
ing of test loops, and transmission of special pulse pat- Figure 10. 

TE LT-S 


ARU | ror 2 | ar 
i -? 
474%. 2 msec 


AID 


(TS6) 16ms 
(TS7) 23ms 


INFO 0 
| (TS6) 16 msec + 


1 INFO 0 >) | Diu 


DR 





Figure 10. Example of Activation/Deactivation —-'!'99°013A 
List of Control Codes 
The exchange of control information in the C/I channel is must be found in two consecutive IOM frames to be con- 
state oriented. This means that a code in the C/I channel sidered valid (double last look criterion). The Command/ 
is repeated in every IOM frame until a change is neces- Indication codes are listed in Tables 2 through 5. 
sary. To detect a change in a C/I code, the new code 
Table 2. Commands and Indications in LT-S Mode 

Command (downstream) Abbr. Code Remark 

Deactivation request DR 0000 (*) 

Send continuous zeros SCZ 0001 Transmission of AMI pulses at 96 kHz frequency (*) 

Send single zeros SSZ 0010 Transmission of AMI pulses at 2 kHz frequency (*) 

Activate request ARD 1000 

Activate request loop ARL 1010 Activation request for loop 2 

Deactivate indicate DID 1111 Deactivation acknowledgment, quiescent state 

indication (upstream) 

Lost signal level LSL 0001 No receive signal 

Lost framing RSYU 0100 Receiver is not synchronous 

Activate request ARU 1000 Info 1 received 

Activate indication AlU 1100 Synchronous receiver 

Deactivate indication DIU 1111 Timer (32 ms) expired or info 0 received (during 


16 ms) after deactivation request 


(*) unconditional commands 
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Table 3. Commands and Indications in NT Mode 


Command (downstream) Abbr. Code Remark 

Deactivation request DR 0000 (*) 

Resynchronization of RSYD 0100 Transmission of AMI pulses at 96 kHz frequency 
Activate request ARD 1000 Transmission of info 2 

Activate request loop ARL 1010 Transmission of info 2, switching of test loop 2 
Deactivate indication DID 1111 Deactivation acknowledgment, quiescent state 
Activate indication AID 1100 Transmission of info 4 

Activate indication loop AIL 1110 Transmission of info 4, switching of test loop 
Send single zeros $SZ 0010 Transmission of pseudoternary pulses at 2 kHz 


frequency (*) 
Indication (upstream) ‘ 


Timing TIM 0000 SBC requires clock pulses 

Lost signal level LSL 0001 No receive level 

Lost framing RSYU 0100 Receiver is not synchronous 

Error indication El 0110 RST and SCZ both active 

Activate request ARU 1000 Info 1 received 

Activate indication AlU 1100 Synchronous receiver 

Deactivate indication DIU 1111 Timer (32 ms) expired or info 0 received during 16 ms 


after deactivation request 





(“) unconditional commands 
Table 4. Commands in TE/LT-T Mode 


Command (upstream) Abbr. Code Remark 

Timing TIM 0000 Clocking of all output clocks is required. 

Reset RS 0001 (*) 

Send continuous zeros SCZ 0100 Transmission of pseudoternary pulses at 96 kHz 
frequency (*) 

Send single zeros SSZ 0010 Transmission of pseudoternary pulses at 2 kHz 

frequency (*) 

Activate request, set priority 8 AR8 1000 Activation command, set D-channel priority to 8 

Activate request, set priority 10 AR10 1001 Activation command, set D-channel priority to 10 

Activate request loop ARL 1010 Activation of test loop 3 (*) 

Deactivate indication DIU 1111 Module interface can be disabled 





(") unconditional commands 
Table 5. Indications in TE/LT-Mode 








Indication (downstream) Abbr. Code Remark 

Power up PU 0111 IOM clocking is provided 

Deactivate request DR 0000 Deactivation request by S 

Slip detected SD 0010 Wander is larger than 18 us peak-to-peak 

Disconnected DIS 0011 Pin CON connected to GND 

Error indication El 0110 (RST=0 * ENCK=0) TE or RS 

Level detected RSY 0100 Signal received, receiver not synchronous 

Activate request ARD 1000 Info 2 received 

Test indication TI 1010 Test loop activated or continuous zeros transmitted 

Awake test indication ATI 1011 Level detected during test loop 

Activate indication with Al8 1100 Info 4 received, D-channel priority is 8 or 9 priority class 8 

Activate indication with Al 10 1101 Info 4 received, D-channel priority is 10 or 11 
priority class 10 

Deactivate indication DID 1111 Clocks will be disabled (in TE) quiescent state 


(*) unconditional commands 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ............. —65 to +125°C 
DC Voltage Applied to Any 

Pin Relative to Vss _.......... —0.4 to Vcc +0.4 V 
Power Dissipation ..................00008- 1W 


Stresses above those listed under ABSOLUTE MAXI- 
MUM RATINGS may cause permanent device failure. 
Functionality at or above these limits is not implied. 
Exposure to absolute maximum ratings for extended 
periods may affect device reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta ...... 0 to +70°C 
Supply Voltage (V,,) .......... +5 Vt5% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating ranges 
Ta = 0 to +70°C; V,, = +5 V +5%, Ves= OV 





Parameter Parameter _Limit Values _ 
Symbol Descriptions Test Conditions Min. Max... 


ie. 


Unit 




























All pins except Sx:, Sxe, Sri, Sre 


Vit Input Low Voltage ~0.4 
Vin Input High Voltage +2.0 : 
Vou Output Low Voltage l= 2 mA V 
Vou Output Low Voltage (SDO) li= 7mA V 
Vous Output High Voltage lon = ~400 pA V 
Vou Output High Voltage lon # ~100 pA V 
lee Power Supply Current: Inputs at GND/Vec 
Operational Vec = 5 V 12 mA 
Power Down No output loads +0.8 mA 
hi Input Leakage Current +10 pA 
lo Output Leakage Current 
All pins except Sx:1, Sx2 
Vx Absolute value of 0.3 V 
Output pulse amplitude 1.65 V 
(VSX2-VSX1) 2.4 V 
Ix Transmitter output current 8.25 mA 
Rx Transmitter output impedance | kohm 
Zx Impedance ing binary zero 80 ohm 
All pins except Sri, Sre 
Vert Receiver bias vo ‘lo < 100 pA 2.4 2.6 V 
Ver Receiver thresh Dependent on +225 +375 mV 
voltage Vensi#Ma peak level 
lo Output cur Race = 2.2 kohm 41% 450 550 pA 


t, 116 pulse amplitude zero to peak 
on S-interface line will ved. 
Load resistance on S-interfaée line will be divided by four. 


ee 


nee nee eee 


2-108 Am2080/B 





CAPACITANCE* 





Parameter Parameter __Limit Values __ 

Symbol Descriptions Test Conditions Min. Max. Unit 
All pins except Sri, Sra, XtaL1, XTAL2 

Cw Input capacitance 7 pF 
Cro V/O Pin capacitance 7 pF 
All pins except Sx1, Sx2 

Cour Output Pin capacitance 10 pF 
All pins except Sri, Sre 

Cw Input capacitance 7 pF 
All pins except XTAL1, XTAL2 

Cio Load capacitance 50° pF 


“Parameters are not “Tested.” 





19 External 19 
XTAL1 oscillator XTAL1 
CLD signal 


7.68 MHz [__] CLD <0 pF* 


ue 18 
XTAL2 N.C: XTAL2 
CLD 
Crystal oscillator mode Driving from external source 
“For the version up to and including A4, this value should not exceed 20 pF. 11135-014A 


Figure 11. Recommended Oscillator Circuits 





Table 6. Output Stages 





Operation 
of IOM 
Application Interface M2 M1 MO DCL FSC CP X2 X1 XO SDO 
TE Inverted Mode 0 OO 0 Push/pull Push/pull Push/pull Push/pull Push/pull Push/pull Push/pull 
TE Inverted Mode 0 OO 1 Push/pull Push/pull Push/pull Push/pull Push/pull Push/pull Push/pull 
TE Normal Mode O 1 0O Push/pull Push/pull Push/pull Push/pull Push/pull Push/pull 
LT-T MUX Mode Oo 1 1 Push/pull Open drain 
Inverted 
LT-T Normal Mode 0 1 1 Push/pull Push/pull 
NT Normal Mode 1 1 1 | “Open drain “Open drain 
LT-S MUX Mode 1 oe) | Open drain 
Inverted 
LT-S Normal Mode 1 1 0 Push/pull Push/pull 
LT-S Normal Mode 1 1 0 Push/pull Push/pull 


*With integrated pull-up 
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Table 7. SBC Clock Signals 








Operation 
of IOM 
Application Interface M2 M1 MO DCL FSC CP X2 x1 XO 
TE inverted 0 0 OO O:512kHz* O:8kHz* O:1536 kHz* 0:2560kHz 0:3840 kHz 
mode 1:2 63:1 3:2 1:2 1:1 
TE inverted 0 O 1 O:512kHz* O:8kHz* O:1536kHz* 0:1280kHz 0:3840 kHz 
mode 1:2 63:1 3:2 1:2 1:1 
TE normal 0 1 0 0O:512kHz* O:8kHz* 0:1536 kHz* 0:3840 kHz 
mode 2:1 1:1 3:2 1:1 
LT-T MUX mode 0 1 1 :4096 kHz 1:8 kHz 0:512 kHz 
inverted 2:1 
LT-T normal Oo 1 1 &k512kHz &8&kHz 0:512 kHz* 
mode 2:1 
NT normal 1 1 1 £512 kHz 1:8 kHz 
mode 
LT-S MUX mode 1 0 O 4096 kHz 1:8 kHz 
inverted 
LT-S normal 1 1 0 1:512 kHz 1:8 kHz O:7680 kHz __I:fixed 
mode 1:1 at 0 
LT-S normal 1 0 4:512 kHz 1:8 kHz 0O:192 kHz* 0:7680 kHz _I:fixed 
mode 1:1 1:1 at 1 





"Synchronous to receive “S” line 


Input and Output Pin Configurations 


In TE, LT-T and LT-S IOM normal modes, an integrated 
pull-up resistor is connected to SDI. For output pin con- 
figurations, see capacitance. 





2-110 Am2080/B 


SWITCHING CHARACTERISTICS 
Ta=0 to +70°C, Vec=5V+5% 


The AC testing input/output waveform is shown below. A phase tracking of CP with respect to “S” is performed 
once in 250 us. As a consequence of this tracking, the 
high state of CP may be either reduced or extended by 

a6 50 | one 7.68 MHz period (CP duty ratio 2:2 or 4:2 instead of 
og» TestPoints ~~ 3:2) once every 250 1s. Since DCL and FSC are derived 
ak \. 0.8 from CP (TE mode), the high state (FSC) or the high or 
low state (DCL) may likewise be reduced or extended by 


11135-015A the same amount once every 250 us”. 
Clock Timing *The phase adjustment may take place either in the sixth, sev- 
T bai ff : enth, or eighth CP cycle counting from the beginning of an 
he clocks in the different operating modes are summa- IOM frame in TE. 


rized in Table 6, with the respective duty ratios. Clock 
CP is phase-locked to the receive S signal, and is de- 
rived using the internal DPLL and the 7.68 MHz +100 
ppm crystal (TE and LT-T). 


7.68 MHz SUU UU UL LLL) 


cp:is36kHz* FO 


X1:3840kHz 4 LS LIFLSEUS US US Lr Ls lL 


Xe:2500 kHz: ao “Lee ee YP ee bh Le. 





CR Oy a i ace iia Se aeeeteen es ama Metecseemneneee 


“Synchronous to receive S, see 5.6.1. Duty ratio 3:2 normally. rNisoe le 
Figure 12. Phase Relationships of Auxiliary Clocks 
3.5V 
0.8V 
tp 
11135-017A 


Figure 13. Definition of Clock Period and Width 


Tables 8 through 11 give the timing characteristics of the clocks. 


Am2080/B 2-111 


Table 8. DCL Timing Characteristics 





Symbol Description Min Typ Max Unit Conditions 
t, Output (TE) 512 kHz 1822 1953 2084 ns osc + 100 ppm 
tw, Output (TE) 512 kHz 2:1 1121 1302 1483 ns — osc + 100 ppm 









ty, Output (TE) 512 kHz 2:1 470 65 832 osc + 100 ppm 
ty, Output (TE) 512 kHz 1:2 470 651 832 osc + 100 ppm 
ty, Output (TE) 512 kHz 1:2 1121 1302 1483 osc + 100 ppm 
twy Input (NT, LT-S, LT-T) 90 
tw. Input (NT, LT-S ,LT-T) 90 





















Symbol Description Min Typ Conditions 


tp Output (TE) 1536 kHz 520 ns osc + 100ppm 

twy Output (TE) 1536 kHz 2:1 240 ns osc + 100 ppm 

tw, Output (TE) 1536 kHz 2:1 240 ns osc + 100 ppm 

ta, t- Output (TE, LT-T) ns C, = 100 pF 
Cc. = 50 pF 

tp Output (LT-T) 512 kHz 2034 ns osc + 100 ppm 

tw, Input (LT-T) 512 kHz 1483 ns osc + 100 ppm 


tw. Input (LT-T) 512 kHz osc + 100 ppm 





Symbol Description Typ Max Unit Conditions 
0'ppm 260 +100 ppm ns osc + 100 ppm 
120 130 140 ns osc + 100 ppm 
120 130 140 ns osc + 100 ppm 


tp Output (TE) 3840 kk 
tw, Output (TE) 3840.kH 
tw, Output (TE) 3: F 







Table 11. X2 Timing Characteristics 








Symbol Min Typ Max Unit Conditions 
tp Output (TE) 2560 kHz -100 ppm 391 +100 ppm ns osc + 100 ppm 
tw, Output (TE) 2560 kHz 110 130 150 ns osc + 100 ppm 
tw, Output (TE) 2560 kHz 250 260 270 ns osc + 100 ppm 
tp Output (TE) 1280 kHz —100 ppm 781 +100 ppm ns osc + 100 ppm 
tw Output (TE) 1280 kHz 250 260 270 ns osc + 100 ppm 
tw, Output (TE) 1280 kHz 511 521 531 ns osc + 100 ppm 
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Figure 14. CP, DCL, and FSC Relationships in IOM Master Mode 


Table 12. IOM Master Mode 





lOM-frame "n” IOM-frame “n+1” 
(...,B*-channel)| (B1-channel, . . .) 
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Figure 15. Master Mode (TE) 


Table 13. Master Mode (TE) 





Symbol Parameter Min 





FETE, 0 pF 
C, = 100 pF 
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IOM-frame “n” « IOM-frame “n+1” 


ee Bechanoal (B1 channel, . . .) 


ewer Fre Qe ewer reg wZeQZrmOwrT_eqTeqeea 
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Figure 16. Slave Mode (NT, LT-S, LT-T) 


Table 14. Slave Mode (NT, LT-S, LT-T) 


Symbol Parameter | Min Max Unit 






ton Frame sync hold 
tes Frame sync setup 
tewn Fram High 


* For push-pull output. For open drain output with integrated pull-up resistor, the maximum value is 900 ns. 


Ones OST PGE SS TS Se TT oa LT 
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Figure 17. Inverted Mode 





Table 15. inverted Mode 
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Figure 18. Inverted MUX Mode 
Table 16. Inverted MUX Mode 
Parameter 







OM output data’ 200 ns C. = 150 pF; lon = 7 mA 
tig IOM input data setup 20 ns 
tin IOM output data hold 50 ns 
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Timing of Special Function Pins 
Table 17. RST Timing 


Symbol Parameter Min Max Unit 


La Length of Low state 1 us 


S00 A aD 


RDY ______/Y ' tsetup > 15us 


11135-023A 


Figure 19. RDY Timing (XO In TE Inverted Mode) 





Table 18. ROY: Timing 
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DE 


The timing for DE (pin XO, NT mode) is given by Figure The corresponding star configuration is shown in 
21 for the case of two S interfaces having a minimum Figure 20. DE timing is shown in Figure 21. 
frame delay and a maximum frame delay, respectively. 





___1—_ 
Subscriber line B = 








11135-024A 
Figure 20. Star Configuration In NT 
ECHO 
The timing of the ECHO output (pin X2, TE mode) is frame, where it is equal to the E-bits received from the 
identical with that of output SDO; however, the signal is “S" interface. 


“1” everywhere except in bit positions 24 and 25 of IOM 


a 
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3g jo Hurwiy “4.z aunbig 


DL. FL. Re Bt ie} E DAR Nee— B2—tel 6 D Hee — B1 —Be] ED Get B22 — | EDL. FL. 
binary 0 i 


values: CT (anni Rae anh k eae eee Pee AR 
NT to TE CS] 1k Meee PRA ERRKRRERARAE SR ANS EP ERESAAS 


subscriber 
line A: 








DL. F L|e— Bi—B>{ L. DL. LL. [e@— B2—B]L. D L ee — B1 — >] LDL et — B2 LDL FL 


binary Te eo __°0 . el ots ot, minimum delay 











values: : ie te . | 
Litt tt ty | eee eee Ee be EEE eee Ey , 

TE to NT (2 bits) 

DL. FLL ~<@—B1—te]E DA Fy Net — B2 ——efE D Hee Be] ED See —— B2 —— {ED LF LL. : 

subscriber 

binary ce. Pan eens ; 0 l Se SS o-8 
values: ia SaeeeeaEeee Ti TTT TTT Td TE TE TEE TE TE TT LET TTT TE TT line B: 
NT to TE i) Pit Te ee ee) LEE TT ET EE EE TE TT ; 

DOL. F Li beg—— Bj—pe|L.DL.F LJe— B2—p] LDL. ke — Bt — YL. DL. beep B2— J] LDL FL. max. 
binary 1. » WAL 6. . ok 25 0 ° “te delay 
values: TE to NT (8 bits) 
sampling points 
of E-bits to transmit 


a rr 
acai 


of received D-bits | 


affected affected affected affected 
by A by A by B by B 


CONDITION: All transmit frames NT-® TE are in phase. 





PHYSICAL DIMENSIONS 
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Note: Physical dimensions are given in mm. 
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| Amendment cl 


‘Am2080 


SBC-A7 S-Bus Interface Circuit 


According to CCITT 1.430 the electrical characteristics 
of the S/T interface transmitter are to fulfill the following 
requirements:! 


¢ The output impedance, when the transmitter is 
inactive or transmitting a binary ‘1,’ should exceed 
2500 ohms. Note that this also applies to TEs with 
local power sources when the local power is 
switched off, although the TE is connected to an 
activated S-bus. 


¢ The output impedance, when the transmitter is 
transmitting a binary ‘0,’ should be 2 20 ohms. Note 
that this also applies in the case of a 400 ohm load 
when the transmitter reaches a current- or voltage- 
limiting state. 


* Pulse shape and amplitude shall be in accordance 
with the given pulse masks. Note that in TE 
applications the effective test load for the transmit- 
ter not only consists of twice the terminating 
resistance (50 ohms) but also of the series resis- 
tances of other external components such as the 
transformer and the cord (maximum length 7 m). 


RREF 


(Reserved) Do Not Connect. 


SX1 


SX2 


R R 


overvolt 
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Devices 


The transmitter circuitry of the Am2080 SBC A7 meets 
these requirements in full. 


The transmitter essentially is a current-limited voltage 
source, delivering nominally 1.5 V to the 2:1 trans- 
former. The high output impedance when transmitting a 
binary ‘1,’ including when the power supply is switched 
off, is guaranteed by the circuit design. 


When transmitting a binary ‘0,’ the output impedance 
(Zou) has to be in the range 20-25 ohms in order that 
the pulse mask be fulfilled. Since the internal output 
impedance of the transmitter is negligible for a binary 
‘0,’ the impedance is realized by the total sum of 
external resistances (Figure 1); for example: 


Resistance of cord (TE only) (Roorp) 4-7Q 
Copper resistance of transformer (Rooppen) 9-1-3 Q 
Resistances for overvoltage protection 

of the transmitter, transformed to the 

primary (line) side with 4:1 (Royeavo.7) 15 Q 


R, 750 mV 
b 


Figure 1. Transmitter Environment Model of the SBC A7 


‘ISDN User-Network Interfaces: Layer 1 Recommendations. 
CCITT Recommendations of the Series I—Volume Ill Fascicle IlI.5 Integrated Services Digital Network (ISDN). Villth Plenary 
Assembly Malaga-Torremolinos, 8-10 October 1984. 






This document contains information on a product under development at Advanced Micro Devices, Inc. 
The information is intended to help you to evaluate this product. AMD reserves the right to change or 


discontinue work on this proposed product without notice. 
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DC CHARACTERISTICS 


TA = 0 to 70°C; V,, = 5 V+5%; Veg = OV 





* Due to the transformer, the load resistance seen by the Am2080 is four times R,. 


SBC-A8 


1. The 50 Q pulse mask conforms to CCITT 1.430 (no overshoot). 


2. On activation of “SCZ” or “SSZ” (via Pins X2 or CP) the SBC pulls SDO to zero in order to get clocks from the 
IOM™ master device. 


3. Inthe LT-T and LT-S MUX mode, timing signals according to |OM Rev. 2 Specification are accepted. The 
SBC recognizes automatically whether MUX mode inverted or IOM Rev. 2 mode timing signals are applied. 


2-122 | Am2080/B Amendment 


| Advance Information | Information ct 


Am2081 


S/T Bus Interface Circuit Extended (SBCX) 


DISTINCTIVE CHARACTERISTICS 

@ Full duplex 2B + D S/T interface transceiver 
according to CCITT 1.430 

= Adaptive equalizer 

Receive timing recovery 

@ Built-in wake-up unit for activation from power— 
down state 


™ Conversion of the frame structure between the 
S/T interface and |IOM™ Rev.2 Interface 


— Activation and deactivation procedures according 
to CCITT 1.430 


™ D-channel access control, also in trunk application 
m Access to S and Q bits of S/T interface 


Advanced 
Micro 
Devices 


Automatic handling of S and Q bit messages 
Software controlled maintenance interface 

(I/O ports) 

Frame alignment with absorption of phase wander 
in NT2 network side applications 


Switching of test loops 
Several operating modes 
Advanced CMOS technology 


Low power consumption: 
— standby less than 6 mW 
— active max 80 mW 





BLOCK DIAGRAM 


SX1 Transmit 
SX2 Buffer 


D-Channel 
Control 


SR1 
SR2 





Receive 
Buffer 













DPLL 


FSC 
DCL 
IDP1 
IOM Interface Logic 
IDPO 
Activation 
Control 
S/Q Bit 
Handler 
Publication # 11150 Rev. B Amendment /0 


Issue Date: March 1989 
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GENERAL DESCRIPTION 


The S/T Interface Circuit Extended (SBCX) Am2081 im- 
plements the four-wire S/T interface used to link voice/ 
data ISDN terminals, network termination (Central Of- 
fice and PABX applications), and PABX trunk lines to 
Central Office. Through selection of operating modes, 
the device may be employed in all types of applications 
involving an S/T interface. Two or more Am2081 SBCX 
can be used to build a point-to-point, passive bus, ex- 
tended passive bus or star configuration. 


The Am2081 SBCX provides the electrical and func- 
tional link between the analog S/T interface according to 
CCITT recommendation 1.430 and T1D1 Basic User 
Network Interface Specification, respectively, and the 
ISDN Oriented Modular (IOM) interface Rev. 2. 


The Am2081 SBCX exceeds both the electrical and 
functional requirements of the S/T interface in order to 
provide high flexibility to the user with respect of S/T in- 
terface wiring configuration and implementation of 
layer-1 maintenance functions. By provision of some 
additional features at the IOM Rev. 2 interface the user 
is able to combine the SBCX with other IOM Rev. 2 de- 
vices in various configurations. 


The Am2081 SBCX is a 28-pin CMOS device offered in 
both DIP and PLCC packages. It operates from a single 
5 V supply and features a power-down state with very 
low power consumption. 
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CONNECTION DIAGRAMS 
Top View 





Note: Pin 1 is marked for orientation. 


28-Pin DIP 


28{ | AVSS 
27 |_| SR2 
26 ral SR1 
25 {_] VDD2 
24 [_] AVDD 
23 |_J| MAI6 
22 |_| x1 

21 |_J X2 

20 |_| MAI4 
19 [_] XTAL2 





18 |_| XTAL2 
X3 |_| 17 |__| MAI5 
16 |_| Xo 


MAIO[__ 15 |_| MODE 


28-Pin PLCC 
SX2 SX1 VDD AVSS SR2 


RST MAIO MODE XO MAIS5 


SR1 
VDD2 
AVDD 
MAI6 
X1 

X2 


MAI4 


XTAL1 
XTAL2 


11134-002B 
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LOGIC SYMBOL 















DCL 






IOM Rev. 2 FSC 
IDPO 
IDP1 
Maintenance 
Auxiliary C9} MAI (6:0) 
Interface 
Mode 
X3 
Mode 
Specific n 
Functions X1 
XO 
+5V +5V OV 
ORDERING INFORMATION 


Standard Products 


AVDD VDD vss avss’ RST 


TR=100 Ohm 


=— 10nF 


2:1 


an 
C_] 7.68 Mhz = 100 ppm 


— 





XTAL2 


OV Reset 


AMD standard products are available in several packages and operating ranges. The ordering number 


(Valid Combination) is formed by a combination of: 


a. Device Number 

b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


J C B 
| nes e. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 
c. PACKAGE TYPE 


| a. DEVICE NUMBER/DESCRIPTION 


Am2081 


J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
P = 28-Pin Plastic DIP (PD 028) 


b. SPEED OPTION 
Not Applicable 


S/T Bus Interface Circuit Extended (SBCX) 









Valld Combinations 


AM2081 JC, JCB, PC, 
PCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD's standard military grade products. 
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Am2091 wie 


ISDN Echo Cancellation Circuit (IEC-Q) Devices 

DISTINCTIVE CHARACTERISTICS 

™ Full duplex data transmission and reception at the @ Built-in wake up unit for activation from power 
—U-Reference point according to the layer 1 down state 


—Specification of the American Standard of 
Telecommunications: 


-144 kbps user bit rate over a two wire subscriber 


= Activation and deactivation procedure according 
to T1D1 layer 1 Specification and CCITT 1.430 


loop @ Adaptation of internal interfaces to the current 
—2B1Q block code (2 binary, 1 quaternary) signal direction by programmable operation 
—4 kbps maintenance channel for transmission of modes: oe . 

data loop back commands and detected —LT: Line termination in public or private 

transmission errors ae Sela § 

i Pee —TE: Terminal mode 

=mommonng OL Tranemissionnelers —NT: Network termination connected to SBCX 
—operating at telephone loop plant LOOP #1 up to —NT-PABX: Trunk module (TDM) 

LOOP #15 as defined by American National 

Standard 


™ Transposition of quaternary to binary data and 
vice versa (coding, decoding, scrambling, 
descrambling, phase adaptation) 


BLOCK DIAGRAM 


2B+D Frame ’ t 
on H> 
M1 . 
M2 
M3 
IOM 2 i‘ Control 


FS 
DCL 
Interface 
, DOU La 


SIU REC LIU 






Awake 
Signal 
Detect 






Hybrid 


Publication # 11892 Rev. B Amendment /0 
issue Date: March 1989 
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DISTINCTIVE CHARACTERISTICS (continued) 


™ Adaptive echo cancellation 
mM Adaptive equalization 


™ Clock recovery (frame and bit synchronization) in 
all applications 


@ Optimized for working in conjunction with SBCX, 
EPIC™ and IDEC™ Telecom ICs via lOM™2 
interface 


™ Data speed conversion between the U-Reference 
Point and the 1OM frame 


@ Handling of the Commands and Indications 
contained in the IOM2 C/I channel for 
deactivation, activation, supervision of power 
supply unit and equipment for testing 


GENERAL DESCRIPTION 


The Am2091 ISDN Echo Cancellation Circuit (IEC-Q) is 
an advanced CMOS single chip transceiver for ISDN 
Basic Access Digital Subscriber Loops with 2B1Q line 
code. 


According to the Layer 1 Specification of the American 
National Standard of Telecommunication control and 


CONNECTION DIAGRAM 
Top View 


44-Pin PLCC 


TM5 
TM6 
DISS 
SLOTO 
SLOTI 
RSRVD 
SLOT2 
PFCLE 
DCL 
FSC 
TP 





Note: Pin 1 is marked for orientation. 


™ Data availability via monitor-channel: 
CRC transmission error 
Measurement value of the loop current 


Echo Canceller Coefficients and Status values, 
which can be used to indicate the state of the loop 


™ Switching test loops 


™ Generation of synchronized 7.68 MHz clock for 
SBCX in NT mode 

™ Low power consumption: 
— Standby max 30 mW 
— active max 300mW 


™@ 40-pin DIP and 44-pin PLCC package 


algorithmic requirements are implemented for a 144 
kbps full duplex data transmission. 


Together with the flexible |OM2 interface the IEC-Q is 
fully compatible with the Am2081 (SBCX). Am2055 
(EPIC), and Am2075 (IDEC) devices. 


40-Pin DIP 


TMo 
T™1 
TM2 
TM3 
TM4 
TM5 
TM6 
DISS 
SLOTO 
SLOTI 
} SLOT2 
PFCLE 
DCL 
FSC 
TP 
RESQ 
DOUT 
BIN 

) LT 
BURST 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2091 P 


B. 
| e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


ACKAGE TYPE 
= 40-Pin Plastic DIP (PD 040) 
= 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 


c. P 
Pp 
J 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2091 
ISDN Echo Cancellation Circuit (IEC-Q) 


Valid Combinations 


AM2091 PC, PCB, JC, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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Am2095 


Burst Transceiver Circuit (IBC) 


DISTINCTIVE CHARACTERISTICS 


Half-duplex burst mode 2-wire “U” interface 
transceiver 


144 kbps user bit rate (2B + D) 
384 kHz line clock rate 

1OM compatible 

Clock and frame recovery 


Adaptive line equalization and amplification at 
receiver 

Implementation of activation/deactivation 
procedures 


BLOCK DIAGRAM 





LO1 * Trans- | Scrambler | 
LO2 « mitter | Coder 


Level | 
| Detection 


















Amplifier 
Control | 





i 





wee Anti- 
UI Amplifier 
) Iter 
“U” interface 
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ct 
Advanced 


Micro 
Devices 


™ Mode configurable to function at both ends of the 
line 

® Built-in wake-up function for activation from 
power-down state 

B Switching of test loops 

m@ Typical length of loop: up to 3.5 km with 0.6 mm 
diameter wire 

m Advanced CMOS technology 

@ Low power consumption: 


- 6 mW power down 
- 80 mW power up (maximum) 


IOM interface 


interface Control Logic 


Lowpass 
Filter 






Equalizer-| 
Coniioal 


= 


Equalizer 


Publication # 11137 


Issue Date: April 1989 


TC,RC,Mc (TT 







De- 


scrambler 
| Decoder 


ADPLL 






Rev. 
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GENERAL DESCRIPTION 


The Am2095 ISDN burst transceiver circuit (IBC) is a full 
duplex transceiver for the 2-wire transmission line 
(CCITT U-reference point). Full duplex transmission is 
achieved using a time compression multiplex (ping- 
pong) technique. The device links the 2-wire transmis- 


CONNECTION DIAGRAM 
Top View 


sion line to the ISDN Oriented Modular (IOM™) interface 
andto the AMD family of ISDN devices. The device man- 
ages layer 1 of the interface protocol and can communi- 
cate with other layer 1 or layer 2 devices over the IOM 
interface. 


24-Pin DIP 


AVYDD | 
X0 

X4 

X3 

X1 
XTAL1 
XTAL2 
M1 


X2 
SDO 
FSC 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


IOM C > 
Interface 
San 


Operating 
spi = 


+5 V 


45V OV 4+5V 








| Mo 
TST 


LI 
AVSS 
VDD2 
VDD 
LO1 
LO2 
VSS 
SDI 
DCL 
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Display Supply 


Special 
Purpose 


ce XTAL* 


* An external oscillator can also be used as 
a clock input to XTAL1. In this configuration 


OV Reset 
XTAL2 is not connected. 11137-003B 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 
c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM2095 P Cc 


B 
| e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am2095 
ISDN Burst Transceiver Circuit (IBC) 











Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military-grade products. 
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PIN DESCRIPTION 


LOT 
Line transmitter (Output) 


Output 1; “U” interface. 


LO2 
Line transmitter (Output) 


Output 2; “U” interface. 


LI 

Line receiver (Input) 

“U” interface (output) 
SDO 

Serial Data Out (Output) 
1OM-interface. 


SDI 
Serial Data In (Input) 


1OM-interface. 


DCL 
Serial Data Clock (Input/Output) 


1OM-interface. 


FSC 
Frame Sync. (Input/Output) 


IOM-interface. 


MO0-M1 

Operating mode setup pin (Input) 
X0-X4 

Multifunctional pins (Input/Output) 
Mode specific functions. (See Table 3.) 


OPERATIONAL DESCRIPTION 


In essence the Am2095 IBC is a layer 1 transceiver 
between the U-reference point and the |OM-interface. All 
higher layers are passed transparently through the 
transceiver. In NT-mode, no higher layer functions need 
to be performed. However in TE and LT modes this is not 
the case. A layer 2 device must be connected to the IBC 
to handle layer 2 functions. A microcontroller connected 
to the IDEC handles all higher layers. In this operational 
description a brief outline of how the device operates is 
presented with special emphasis on the latter, more 
complex, case. 


XTAL1 
External crystal or external oscillator (input) 


XTAL2 
External crystal connection (Output) 
N.C. when external oscillator is used. 


TST 
Device test pin (Input) 


Not for general use; tie high always. 


DISS 

Disable supply (Output) 
RST 

Hardware reset pin (Input) 
Active low. 


VDD 
Digital power supply (Input) 
5V +5%. 


VSS 

Digital ground (Input) 
AVDD 

Analog power supply (Input) 
5 V +5%. 


AVSS 
Analog ground (Input) 


VDD2 

(Output) 

2.5 output. Connected to VDD via 10 nF capacitor; 
connected to AVSS via 10 nF. 


Reset 


The reset state is entered unconditionally after either a 
software RES command is received or after the RST pin 
is set to “O”. 


In the LT mode all outputs are high impedance during 
RST=0. However the IOM clocks must always be en- 
abled. After reset the device must be deactivated (using 
a DR command) before it can be activated. 


In the TE/NT modes RST acts with ENCK to give the fol- 
lowing states. ENCK is the name of the multifunctional 
pin x3 when the IBC is in the TE/NT mode. 


RST ENCK 
0 1 RESET; Outputs high impedance 
0 0 RESET; Outputs low impedance 
Clocks are running 
1 1 NORMAL OPERATION 
1 0 NORMAL OPERATION; IOM clocks not disabled in 


“deactivated” state 


Power consumption is under 6mW in the deactivated 
state (also calied the “Power-Down” state). The |IOM 
clocks may be enabled or disabled (see above). The 


Am2095 


device is simply waiting to be activated (see Activation/ 
Deactivation). 
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IOM Timing 
The two possible IOM clocking states: 


e idle state: clocks disabled (clock lines low) data 
lines high 


e clocked state: clocks enabled (stand-by) 


In the LT mode only the clocked state is possible, in the 
TE/NT mode both are possible. Selection of one or the 
other state is governed by the internal state machine. 


Activation/Deactivation 


During normal operation (that is, no test modes imple- 
mented, and so on) the IBC is continually activated and 
deactivated as the link path is required. In a deactivated 
state the IBC activation procedure may be initialized by 
receiving either a wake signal on the line (U-reference 
point) or receiving an activation request over the IOM- 
interface. 


The progress of the activation procedure from this point 
is governed by an internal state machine within the IBC. 
Each successive state is entered on receiving a particu- 
lar info (“U” interface) or command (IOM-interface) and 
results in a particular info (“U” interface) or indication 
(l1OM-interface) being transmitted. Other procedures 
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(such as deactivation, switching of test loops, and 
transmission of special pulse patterns) are also 
governed by the state machine. Furthermore the state 
machine is mode dependent. 


Figure 1 illustrates such an activation and deactivation 
procedure between an IBC in LT-mode and an IBC in 

TE-mode over the “U” interface line. In this case, activa- 
tion was initiated by an ARN request at the terminal and 
deactivation by a DR command at the LT. Activation 
could also have been initialized at the LT using an ARN 
request. A complete list of Commands and Indications 
(with their respective codes) is given in Table 1 and 

Table 2. 


The exchange of infos along the “U” interface is of no real 
consequence to the user except in two Cases: 


e inthe deactivated state, info 0 is exchanged 
between TE and LT. Info 0 effectively means there 
is no signal sent on the line in either direction. 


e inthe activated state, info 3 upstream and info 4 
downstream are continually exchanged. Both info 3 
and info 4 are effectively normal “U” interface data 
frames, exchanged in the normal burst mode. 


Am2095 


TE LT 



























DIU p=) DIU Deactivated 
State 
DID (I DID 
1W 
ARN 
INFO ;2 
| a) ARN 
INFOlo | 
RSYD 
INFO| 1 
ARN 
INFOI4 
| | aes RDS 
| INFOI3 
AIN 
l Activated 
State 
| nea AIN 
| 
, | 
lo 
: (—1 | or 
| INFOlO Eo) DA 
DR | 
| | 
| | | 
DIU | INFOlO [—) DIU | 
| aa Deactivated 
| State 
DID | (— DID 
| | | 
(] | i 
Layer 2) Layer 1 | Layer 1; Layer 2 
4¢—__—_——_ > 
i] | ] 
§ | 4 
1IOM | IOM 
“U” Interface 
R-——® Request (Command) 
| —-® Indication 
11137-004B 
Figure 1. An Example of IBC Activation/Deactivation 
Notes for Figure 1: 
e T1: 1.5ms; time for error-free level detect e 13: 0.5 ms; two subsequent bursts with no CV in LF 
e T2: <80ms; time for synchronization and equalizer e 174: 2ms; time for error-free detection of info 0 


adaption 





Am2095 2-135 


FUNCTIONAL DESCRIPTION 

System Integration 

Figure 2 illustrates the three basic uses of the IBC inIOM 
architecture. These constitute the three basic operating 
modes. 

e LT: Line Termination in the Local Exchange/PABX 

e TE: Terminal Equipment in the Subscriber Terminal 
e NT: Network Termination 


As can be seen from Figure 2 a second device, the 
Am2090, ISDN Echo Cancellation Circuit (IEC), may 
also be used at the U-reference point. The device chosen 
depends on the application. The IBC proves more 
cost-effective for shorter range transmission 
applications (2-3.5 km), such as PABX. 


It is available as a 24-pin CMOS device. 
The device operates from a single 5 V power supply. 
The maximum power consumption is 80 mW. 


Two examples of LT mode are illustrated, one connected 
directly to the terminal and one connected to a Network 


Termination. In the latter case, the terminal is connected 
over the S-interface to the Network Termination. The 
multiplexing facility on the S-bus allows up to eight termi- 
nals to be connected to one Network Termination and 
one subscriber line. Without a Network Termination, only 
one terminal per subscriber line is possible. The diagram 
also indicates that either the IBC or the IEC may be used 
for 2-wire transmission. The choice depends upon the 
transmission line characteristics, but in general the IBC 
is the more cost effective for shorter range transmission 
applications (especially PABX). 


in the LT mode, the IBC manages layer 1 functions and 
communicates over the IOM interface with the ISDN 
Digital Exchange Controller (IDEC), which handles layer 
2 functions. A microprocessor (handling higher layer 
functions) controls and communicates with the IDEC. A 
similar configuration is required in the TE mode 
employing the same division of tasks. 


In the NT mode, however, the configuration is much 
different. In this case the Network Termination acts as an 
NT1 (according to CCITT notation). Figure 3 illustrates 
two possible NT configurations. 
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Public Switched Network 


Network Termination 
Subscriber Terminal Digital Exchange 





DSC/IDC 
79C30A/32A 


| SLD/SSI 


PABX 
2-wire “U” interface (2 km) 





4-wire "S” interface 
EPIC 
point-to-point/ous 
IDEC} |_IDEC 





11137-005B 
*An IBC or IEC pair is chosen depending on application 
Am79C30A/32A Digital Subscriber Controller/ISDN Data Controller DSC/IDC 
Am2080 S Bus Interface Circuit SBC 
Am2090 ISDN Echo Cancellation Circuit IEC 
Am 2095 ISDN Burst Tranceiver Circuit IBC 
Am20950 ISDN Subscriber Access Controller (PABX, “U” Interface) ISAC-P 


Figure 2. ISDN Oriented-Modular (IOM) Architecture 
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Figure 3. NT Configuration 


In both cases NT1 refers to a simple layer 1 translation 
between the “U” interface and the S/T-interface. This is 
achieved by the simple pairing of the IBC with an 
Am2080 S-bus Interface Circuit (SBC) as illustrated in 
the first example in Figure 2. NT1 is a direct transforma- 
tion between layer 1 of the “U” interface and layer 1 of the 
S/T-interface. In this configuration, neither the IDEC or 
microprocessor is required. The |OM-interface acts as 
an intermediate interface common to both device. 


The NT2 in Figure 3 differs from NT1 in that it includes 
higher level OSI functions. It could, for example, be a 
PABX. In this case the PABX would be connected 

directly over the S-interface (not “U” interface) to the 

subscriber terminal(s). An example of this case is also 
illustrated in Figure 2 (bottom diagram). 


IBC Selection Criteria 


The Am2095, ISDN Burst Transceiver Circuit (IBC), per- 
forms the layer 1 functions of the time-division multiplex 
implementation of the “U” interface. This is a half-duplex 
technique (ping-pong) involving transmission by only 
one device at any one time. As mentioned eariier a sec- 
ond device, the Am2090 ISDN Echo Cancellation Circuit 
(IEC), may be used at the U-reference point instead of 
the IBC. It uses an echo cancellation technique to imple- 
ment full-duplex communication along the 2-wire trans- 
mission line. Including maintenance and synchroniza- 
tion, the IEC transmits over the line at 160 kbps. To 
achieve the same user channel data communication 
rate, the IBC must transmit at 384 kbps (within a burst). 
Hence, the bandwidth of the line has to be greater for an 
IBC implementation. Depending on the cable used, the 
range of IBC transmission is up to 3.5 km while the IEC 


has a transmission range of up to 8 km. The lower cost of 
the IBC makes it the logical choice for short transmission 
line applications. 


Note: According to CCITT, the U-reference point is defined 


as the interface between a local exchange and a Net- 
work Termination. The direct connection of terminals 
to a PABX is not considered by CCITT. For simplicity, 
the use of the term “U” interface in this document re- 
fers both to local exchange-Network Termination con- 
nections and PABX-terminal connections. The term 
will refer only to the 2-wire ping-pong transmission 
implementation. 


IBC Device Architecture and General 
Functions 


Figure 4 illustrates the internal device architecture. The 
IBC acts not only as a “U” interface transceiver but also 
links it to the |OM-interface. In effect the IBC implements 
and links contrasting interfaces. To do this transparently, 
the IBC must compensate for the following main differ- 
ences between them: 


e The “U” interface is a burst mode inieriace whiie ihe 
IOM interface is continuous 


e The frame structure and data transmission 
techniques on both interfaces are different 


e The B-channels are scrambled on the “U” interface 
and unscrambled on the lIOM-interface 


e The clock rates are different and are transmitted in 
a different manner. In the “U” interface the clock is 
implicit in the data stream; in the |OM-interface 
separate clocks, DCL and FSC, must be provided. 
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Figure 4. IBC Device Architecture 


Besides an interface transformation the IBC must also  e Activation/Deactivation procedures. Activation may 
Carry out the following functions: be initialized by either infos from the line or 
primitives from the |OM-interface. 


e To increase the quality of signal received from the 
line, the receiver stage contains both an adaptive 
amplifier and equalizer. 


e Testing and Diagnostic functions: Test loops may 
be closed, test signals may be generated. 


e Synchronous timing must be maintained on both 
sides. All internal clocks are synchronized to the 
upstream data clock (system clock). 


e All generated downstream clocks are synchronized, 
in turn, to these internal clocks. 
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Figure 5. Analog Connections 


Analog Functions 


Figure 5 depicts the analog and power connections to the 
IBC. Both analog and digital power may be connected to 
a single power source. The reference voltage VDD2 
must be linked by two 10 nF capacitors to VSS and 
AVDD. External to the transmitter and receiver a trans- 
former (ratio 1.25:1) and external resistance (REXT = 
140 ohms + 1) are connected as shown. Voltage over- 
load protection is achieved by splitting REXT into 120 
ohms and 20 ohms (for current limitation) and adding 
- Clamping diodes. 


The transmitter stage is realized as a voltage source with 
an internal resistance R1 = 15 ohms 40. It delivers a 
pulse of amplitude 2 V +10 (0-to-peak). Assuming a 
transformer winding resistance of the order of 1 ohm, the 
output resistance seen from the “U” interface will be 100 
ohms. 


Referring again to Figure 5, the receiver input stages 
can be seen. They consist of a variable gain amplifier to 
compensate for signal losses on the line (dynamic range 
30 dB). This is followed by an anti-aliasing filter and a 
Switched capacitor low pass filter. Finally a switched 
Capacitor equalizer suppresses the out-of-band noise, 
which has passed the (anti-aliasing) filter stage, while 
keeping the pulse distortion low (dynamic range 
15.36 GB). 


Both the amplifier and the equalizer are adaptive. The 
amplifier has 128 possible settings and the equalizer 8 
(in this sense they are digital). The adaptive logic can be 


stopped by externally setting the amplifier and equalizer 
over the IOM interface (Table 3). Once set inthis way the 
settings remain constant. The Monitor Channel can also 
be used to bypass the equalizer and/or the low pass 
filter. 


The level detection block monitors the receive line and 
informs the interface logic when an incoming signal is 
present. It also monitors the test transmitter to performa 
similar function during test loop implementation. 


Digital Functions 


The DPLL circuitry works with an external oscillator or 
crystal of 15.36 MHz +100 ppm. This is used to synchro- 
nize all bit and frame clocks with the incoming system 
clock (that is, from upstream). Inthe LT mode the system 
clock is supplied over the I|OM-interface. Generation of 
half-bauded AMI pulses for the line is accomplished by 
deriving a synchronous transmitter clock using the 
DPLL. At the NT/TE end of the line the data clock of 384 
kHz is implicitly received in the data stream and is 
extracted by the IBC. From this all synchronous clocks 
are derived with the aid of the DPLL. 


An incorporated finite state machine controls ISDN layer 
1 activation/deactivation. This includes wake signal rec- 
ognition in the “deactivated” state. 


Due to the burst nature of “U” interface communication 
and the continuous nature of communication on the |OM- 
interface a buffer memory is required to compensate for 
timing differences. 
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A scrambler guarantees that the line data contains 
enough pulses for a reliable clock extraction. The corre- 
sponding descrambler on the receiver side regenerates 
the correct data stream. 


The digital control logic also sets the adaptive coeffi- 
cients on the AGC amplifier and the SC equalization 
filter. 


Interfaces 
The IBC operates three interfaces: 


e “U” interface 
e lIOM-interface 
e SLD-interface 


“U” interface 


Figure 6 demonstrates the general principles of the “U” 
interface burst mode communication technique. A frame 
transmitted by the exchange (LT) is received by the ter- 
minal equipment (TE) after a given propagation delay. 
The terminal equipment waits a minimum guard time (5.2 
us) while the line clears. It then transmits a frame to the 
exchange. The exchange will begin a transmission every 
250 1s (known as the burst repetition period). However, 
the time between the reception of a frame from the TE 
and the beginning of transmission of the next frame by 


the LT must be greater than the minimum guard time. 
Communication between an LT and an NT follows the 
same procedure. 


Within a burst, the data rate is 384 kbps and ihe 38 bit 
frame structure is as shown in Figure 6. The framing bit 
(LF) is always logical “1”. The frame also contains the 
user channels (2B+D). Note that the B-channels are 
scrambled. It can readily be seen that in the 250 ps burst 
repetition period, 4 D-bits, 16 B1-bits and 16 B2-bits are 
transferred in each direction. This gives an effective full- 
duplex data rate of 16 kbps for the D-channel and 
64 kbps for each B-channel. 


The final bit of the frame is called the M-bit. Four succes- 
sive M-bits, from four successive U-frames, constitute a 
superframe (Figure 6). Three signals are carried in this 
superframe. Every fourth M-bit is a code violation (CV) 
and is used for superframe synchronization. This can be 
regarded as the first bit of the superframe. From this ref- 
erence, bit 3 of the superframe is the service channel bit 
(S). The S-channel bit is transmitted once in each direc- 
tion in every fourth burst repetition period. Hence the du- 
plex S-channel has a data rate of 1 kbps. It conveys test 
loop control information from the LT to the TE/NT and re- 
ports of transmission errors from the TE/NT to the LT. Bit 
2 and bit 4 of the superframe are T-bits. These constitute 
the 2 kbps T-channel which extends the T-channel of the 
IOM frame (Figure 9) onto the “U” interface. 





Timings: tr = burst repetition period = 250 ps 


td = line delay 
tg = guard time 


, tr 
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‘Mchannel superrame [ovl tT] s| tlovit] si tlov 


CV — Code Violation: for Superframe synchronization 
T ~ Transparent Channel (2 kbps) 





S ~ Service Channel (1 kbps) 11137—-009B 
Figure 6. “U” interface Transmission/Reception 
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The coding technique used on the “U” interface is half- — ternate positive and negative pulses. The figure also 
bauded AMI code (that is, witha 50 pulse width). Figure7 _ illustrates how a code violation may be achieved (CV); 
illustrates the code. As can be seen, a logical “0” either two successive positive (as shown) or negative 
corresponds to a neutral level, alogical“1”iscodedasal- _ pulses. 


Binary Value O 1 0 oO 1 1 0 1 Oo. 1 
+V 


Line Signal 0 


-V 


CV. 11137-010B 


Figure 7. Half-Bauded AMI Code 


IOM-Interface 


The IOM-interface consists of two clocks: DCL (data clock) and FSC (Frame Synchronization Clock), and two data 
lines: data out and data in. 


(DOWNSTREAM 


Frame Frame 
Data Clock Data Clock 
Dout Din 
Din Dout 
| 
i 
IOM 
in TE: ICC IBC 
in NT SBC IBC 
in LT IBC ICC 


11137-011B 
Figure 8. IOM-Interface of IBC 


Over the |OM-interface the IBC communicates withlayer ¢ The Command and Indication Channel (4 bits) used 


2 devices or layer 1 devices (that is, Am2080 SBC) to convey control information across the 
depending on the application (Figure 8). |OM-interface. This information refers directly to 
The IOM frame structure is illustrated below. It contains OSI! model layer 1 — layer 2 communication. 
the 2B+D-channels, transmitted transparently over the Commands are sent from layer 2 to layer 1 and 
interface at 144 kbps. The so-called B-channel is in fact indications from layer 1 to layer 2. 

made up of four channels: e The T-channel (1 bit) 

e The D-channel (2 bits) ¢ The E-channel (1 bit) 
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Figure 9. IOM Frame Structure 


The 8-bit monitor channel handles information exchange 
between the layer 2 and layer 1 devices not covered by 
OSI (that is, AGC coefficient setting). Its use may be 


SLD-interface 


restricted by the IDEC MODE register’s configuration. 
For a complete description of available monitor codes 
and their use, refer to the Operational Description. 


DOWNSTREAM 


Frame 


Data Clock 


Din (pin) 


in LT: IBC 





Frame 


Data Clock 


Dout (pin) 
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Figure 10. SLD-interface of IBC 


The standard SLD-interface with an effective full-duplex 
rate of 256 kbps, has three lines; a 512 kHz clock (DCL) 
an 8 kHz frame direction signal (FSC), and a serial data 
line (SDO). A possible configuration using the SLD-inter- 
face is outlined above (Figure 10). Referring to Figure 11 
the FSC line indicates the direction of the frame on the 


data line. Each frame is 32 bits long and within each burst 
the data rate is twice that in an IOM frame (512 kbps as 
opposed to 256 kbps). As only one frame can be 
transmitted in each 125 us period, the effective transmis- 
sion rate is the same. 
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Figure 11. SLD Timing 


Operating Modes 


The IBC may be configured for three basic operating 
modes: 


e TE mode: ISDN terminals 
e NT mode: ISDN Network Termination 
e LT mode: ISDN line Termination 


Configuration is achieved by pinstrapping (pins MO, MI 
and sometimes X2). Both the IOM clock signals (DCL, 
FSC) and the multifunctional pins (X0, X1, X2, X3) have 
mode dependent functions (refer to Table 4). Besides 
the three basic operating modes (normal modes), three 
further modes exist: 


e TE: inverted mode (SEL). This differs from TE 
normal mode only in respect to the clock 
signals; DCL is inverted, FSC’s mark space 
ratio is altered. 
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e LT: SLD mode. This uses the SLD interface 


(that is, SDO only, half duplex at 512 kbps) 
rather than the |OM-interface (that is, SDO and 
SDI at 256 kbps each). 


LT: MUX mode. Figure 12 illustrates the 
difference between LT normal and multiplex 
(MUX) modes. The FSC period is the same (the 
mark space ratio is different). The DCL clock 
runs at 4096 kHz, allowing a data rate of 

2048 kbps. Eight 32 bit IOM frames can be 
transferred in one FSC period, each destined 
for a separate IBC. Each IBC (all in LT MUX 
mode) reads only one of the eight IOM frames 
(that is, from time slot determined by pin- 
strapping X0, X1 and X2). 
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SDI 32-bit OM Frame 
SDO 


+ ED 
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Data Rate = 256 kbps 


MULTIPLEX MODE 
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Data Rate = 2048 kbps 
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Figure 12. LT Normal and Multiplex Mode Timing 
Figure 12 illustrates the different IBC modes in relation to timing recovery. 
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Figure 13. IBC Application 


Individual Functions The clock outputs act as external oscillators for other 


devices. For example in Figure 13, NT Mode, the SBC 
As mentioned previously, pins X0 to X4 have mode-spe- 
cific functions. These are detailed in Table5. Threetypes  USeS the 7.68 Mz synchronized output from the IBC as 
of functions exist: an ne oscillator. Further possible applications 
include: 


° pualliety mode s2iearen (X2 only) e¢ 15.36 MHz (LT) — external oscillator for other 
e Special input pins (that is, PFOFF in LT:, time IBCs 


Serene. ° 1.536 MHz (TE) — CODEC clock supply 
e Clock outputs (both synchronized and 


unsynchronized to the line). 
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Test Functions 


Three types of test loops may be closed in the IBC, 

depending on the operating mode. In all test loops, all 
three channels, B1, B2, and D, are looped back. In a 
transparent loop the data is sent forward unmodified as 


well as being looped back. In a non-transparent loop the 
forward data path is blocked. 


Figure 14 illustrates these test loop configurations. 





—_—_—_— _ DOWNSTREAM 


LT mode ———¢—— 
LINE 
LOOP 1 
TE mode 
1IOM 
LOOP2 
TE mode 
lIOM 
LOOP3 


1IOM Transparent 


LINE Non-transparent 


LINE Non-transparent 
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Figure 14. IBC Test Loops 


No test loops are implemented in the IBC in NT mode. 
However a test loop is possible in the SBC. The test loop 
signal is passed onto the SBC, by the IBC, by means of 
an 1|OM Command. 


Two test signals can be sent by the IBC: Test Mode 1, 
sending continuous pulses and Test Mode 2, sending 
single pulses. In both cases, half-bauded AMI coding is 
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used, but only one of the IBCs at either end of the “U” in- 
terface line transmits. Hence, burst mode transmission is 
abandoned. In Test Mode 1, a one is transmitted at 
384 kbps. Because of the alternate positive-negative 
nature of the coding, the signal on the line has a 
frequency of 192 kHz. In Test Mode 2, a one is transmit- 
ted at 4 kbps yielding a signal of 2 kHz on the line. 
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CONTROL CODES 
Control/Indication Commands 


As mentioned in the |OM-interface section, the C/I codes 
transfer information between layer 1 (IBC) and layer 2 
(IDEC) directly related to the OSI reference model (that 
is, activation/deactivation, test loop initialization, reset, 
and so on). The exchange of C/I codes is governed by 
the state machine. Commands are sent from layer 2 to 
layer 1, indications from layer 1 to layer 2. A complete list 
of all codes in each mode is given in Tables 1 and 2. 


C/l codes are transmitted in the channel of the IOM frame 
and must follow the following procedure: When a new 
command or indication is to be sent it must be repeated 
in two successive IOM frames before it is recognized at 
the receiver. 


Table 1. Commands and Indications in the LT Mode 





a eats 








Command (downstream) 


Deactivate Request 
Activate Request No loop 
Activate Request Local loop 
Activate Request Loop 2 
Deactivate Indication 

Reset 


Disable Supply 


Send Single Pulses 


Send Continuous Pulses 


Indication (upstream) 


Deactivate Indication DIU 
Deactivate Acknowledge DA 
RDS Indication RDS 


Activate Request ARU 
Activate Indication AlU 
Resynchronization RSYU 


High Impedance HI 





Code Remark 


(x) 


Loop 1 activation requested 


Software Reset (x) 

Used to control the drain on 

local power supply (x) 

Ones (AMI pulses) 

transmitted at 4kHz 

(TEST MODE 1) (x) 

Ones (AMI pulses) transmitted 
continuously (TEST MODE 2) (x) 


[aoe [cea [Reman 


1111 
0001 
0111 Running Digital Sum. Code 
violation register enabled. 
Receiver synchronized 
1000 
1100 
0100 Lost Framing: receiver not 
synchronized to the input signal 
After PFOFF the phantom power 


supply becomes high impedance 


0011 


(x) unconditional commands 
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Table 2. Commands and Indications In the NT/TE Mode 





Command (upstream) 












Timing TIM 


Activate Request No loop ARN 
Activate Request Local Loop ARL 
Activate Indication AIN 

Deactivate Indication DIU 

Reset RES 
Send Single Pulses SSP 
Send Continuous Pulses SCP 


indication (downstream) 


Deactivate Request DR 
Power Up PU 
Resynchronization RSYU 


ARN 
ARL 
AR2 


Activate Request No loop 


Activate Request Local loop 
Activate Request Loop 2 

Activate Indication No loop AIN 
Activate Indication Local loop AIL 
Activate Indication Loop 2 Al2 


Testmode Acknowledge TMA 
Deactivate Indication DID 


avon [ode [remand 








0000 Layer 2 device requires clocks 
. to be activated 

1000 Activate Request Local 

1001 *Test loop 3 activation request 

1100 = 

1111 

1101 Software Reset (x) 

0101 Ones (AMI pulses) transmitted 


at 4kHz (TEST MODE 1) (x) 
Ones (AMI pulses) transmitted 
continuously (TEST MODE 2) (x) 


0111 


0000 
0111 
0100 Lost Framing: receiver not 
synchronized with input 
1000 

1001 . 

1010 
1100 
1101 
1110 
0101 ' 
1111 


*Test Loop 3 activated 


(x) unconditional commands 
*only in TE 
** only in NT 


Monitor Commands 


Besides the C/I section of the B-channel, inter-device 
communication on the IOM-interface is also possible via 
the monitor channel. However, the monitor channel pro- 
tocol is more straightforward; the layer 2 device com- 
mands, the layer 1 device responds. The monitor codes 
‘deal mainly with auxiliary tasks not directly related to the 
maintenance of the link. They are totally under the con- 
trol of the user and contain 17 NOP codes (00n and FXu). 
Table 3 lists all IBC monitor codes. 


The monitor channel is accessed by the IDEC by writing 
to the MONR register. Upon receipt of a message the 
IBC will send a response in the monitor channel and will 
indicate this by setting the E-bit of the IOM frame to zero. 
This will be input into the MONR register of the IDEC. 
However if bit MODE: HMDI is zero (IDEC), the response 
will not be input into the MONR register. 


The monitor channel is used to read the IBC internal 
registers |(7:0) and R(7:0)) and to set or simply read the 
adaptive amplifier and equalizer settings. Note, 

however, that once both amplifier and equalizer coeffi- 


cients have been set, the adaptive logic is turned off and 
the given settings remain constant regardless of any 
changes to the input signal. 


However, the coefficients are zeroed and must be 
reprogrammed after either: 


e The device has been through the deactivated 
(Power-Down) siaie 


e A local loop has been implemented (that is, loop 1 
in LT mode and loop 3 in TE mode) 


The adaptive logic is turned on again only after a hard- 
ware or software reset (coefficients again zeroed). 


Merely reading the values however does not affect the 
adaptive nature of the settings. The monitor codes can 
also be used to bypass certain stages of the IBC internal 
architecture. The response 3Fx to the message 80n 
(identification) identifies the responding device as an 
IBC rather than another |OM compatible device. Note 
that each device has a separate set of codes. 
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Table 3. IBC Monitor Commands 


Message Response Exploration | 7 


00000000 en 

19141111 ea 

10000000 00111111 
11101110 (7:0) 

11101111 R(7:0) 

00000010 1XX,A(6:2) 
00000011 1XX,C(2:0),A(1:0) 
001,A(6,2) 101,A(6:2) 
010,C(2:0),A(1:0) 110,C(2:0),A(1:0) 


011,LPF,CONF(3:0) 111,LPF,CONF(3:0) 


To bypass any of the following integrated functions set 
the corresponding bit to 0 (Reset Values all HIGH). 


LPF : DPLL loop filter 
CONF3 : Always set high 
CONF2 Always set high 
CONF1 SC-low pass filter 


CONFO Equalization filter 
Note: 1. Messages are sent by the layer 2 device to the IBC. 
2. Responses are sent by the IBC to the layer 2 
device. 
IBC Registers 


The IBC contains two registers which are user- 
accessible over the monitor channel. 


NOP 

NOP 

Identification 

Supply current equivalent 


Code violation register 

Gain factor (part 1) 

Equalizer coefficient and gain factor (part Il) 
External programming of gain factor (part 1) 
Programming of gain factor (part Il) and 
equalizer coefficient 

Programming of LPF and CONF(3:0) 





Supply Current Equivalent 


This register is useful only in the LT mode when the 
power supply control functions are active. In this mode 
X3 functions as the MPF pin (Main Power Feed). 
Through this pin the 8-bit supply current equivalent from 
the local power supply can be read into the |(7:0) regis- 
ter. This read is synchronous to the BI channel inthe IOM 
frame (in time slot 0 if the LT is in MUX mode). The IDEC 
uses the information to control the power supply. If the 
current value is too high the software issues a DIS com- 
mand. Pin DISS on the IBC goes HIGH and, if properly 
connected, this pin can be used to disable the power 
supply. After reset, 1(7:0) = 00n. 


R(7:0) Code Violation Register 


This register counts the number of code violations in the 
data channels encountered by the IBC, and this informa- 
tion may be sued by the software to estimate the error 
rate. 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature under bias ....... 0° to +70°C 
Storage Temperature ............. —65 to +125°C 
Voltage on any pin with respect to 

GIOUNG  e5.4 sub ae ees oe kas —0.3 to Voo +0.3 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 


Ambient Temperature (Ta) ........... 0° to +70°C 
Operating Voo Range ........... 4.75 V to 5.25 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Ta=0 to +70°C; Von = +5 ee Caa=0 V, AVss =0 V. 


| Limit Values Values 
| Symbol Parameter Keine 


Notes: 


Input low voltage 
Input high voltage 
Output low voltage’ 
Output low voltage? 
Output high voltage 
Output high voltage 


Power Supply Current: 
Operational 

Power Down 

Input leakage current a 
Absolute value of?. 4.75 
output pulse amplitudes $8.25 
(VLO1-VLO2)%" 

Puls width - 


put — voltage 

“> Input high voltage Voo~-5 
Output low voltage: oe 
__ Output high voltage Voo--5 


All outputs except SDO 


Output SDO only 


Negative pulse 


1 
2 
3. Positive pulse 
4 
5. No pulse 


Capacitances 


Ta=0 to acied Voo = ee Vss=0 V, AVss=0 V. 


CIN 
ClO 


COUT 
CIN 
XTAL1,2_CLD 


Limit Values 


Input capacitance 
Output capacitance 
Output capacitance 
against AVss 

Input capacitance 


Load capacitance 


Am2095 


Test Condition 


OL rm 2 mA 


) 1OLe7 mA’ 
~ 4Ok =+400 pA 


Vop= 5V, inputs at 0 Vor Voo, 
output loads. 


0 V <Vin < Von to 0 V 





_Test Condition 





2-151 








Recommended Oscillator Circuits 


CLD 6 External 
XTAL1 oscillator 
signal 
15.36 MHz L__] CLD < 50 pF 
7 
XTAL2 N.C. 
CLD 


Figure 15. Crystal Oscillator Mode 


SWITCHING CHARACTERISTICS 
Ta=0 to +70°C; Voo=5V+5% 


Inputs are driven at 2.4 V for a logic “1” and at 0.4 V for a logic “0”. Timing measurements are made at 2.0 V for a logic 
“1” and at 0.8 V for a logic “O”. 


2-152 






| 


0. 


_—— 2.0 
Test Points 





0.8 


Figure 17. AC Testing Input/Output Waveforms 
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XTAL1 


XTAL2 


Figure 16. Driving From External Source 








Clock Timing 


Table 4 summarizes the clocks produced in the different 
operating modes and their respective duty cycles. The 
table also indicates which clocks are derived directly 


Table 4. IBC Operating Modes and Mode Specific Pin Configurations 


Operation 
of IOM 
Interface 


inverted 
MODE 


0 
0 
0:512 kHz* 
1:1 
0:8 kHz" 
63:1 
O: 
2.56 MHz 
1:2 
l:ENCK 
1:1 
O: 
1.536 MHz* 
1:1 
0:3.84 MHz 


0:512 kHz* 
1:1 
0:8 kHz* 
1:1 
O: 
2.56 MHz 
1:2 
l:ENCK 
1:0 
O: 
1.536 MHz* 
1:1 


0:3.84 MHz 


Application 


Normal 
Mode 


0 
1 
0:512 kHz* 
1:1 
0:8 kHz* 
1:1 
O: 
7.68 MHz* 
1:1 
:ENCK 
I:SCP 


I:SSP 


I:LPF 


0:512 kHz 


1:8 kHz 


|: PFOFF 


I:MPF 
1:0 
O: 
1.536 MHz 
1:1 


0:512 kHz 


1:8 kHz 


|: PFOFF 


1: MPF 
1:1 
O: 
1.536 MHz 
1:1 





from the crystal and which are synchronized to the line 
using the on-board DPLL Circuitry. 


MUX Mode 
Inverted 


1 
1 
0:512 kHz 


1:8 KHz 


|: PFOFF 


I: MPF 
1:TS2 


1:TS1 


1:TSO 


*: synchronized to S__1|: Input O: Output 


Note: 1. SDI- (IOM Interface) 
- the pin is connected to an internal pull-up resistor in TE normal and LT normal modes. 
2. SDO - (IOM Interface) 
* open drain output in LT MUX mode inverted. 
* open drain output with internal pull-up resistor in NT-mode. 
* push-pull otherwise. 


3. The following clock outputs are derived from the 15.36 MHz crystal/external oscillator: (that is, unsynchronized) 


- 15.36 MHz 
- 3.84 MHz 
- 2.56 MHz 


4. The following clock outputs are synchronized to the line 
- 7.68 MH 


: z 
- 1.536 MHz 
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Table 5. Mode Specific Pin Functions 


Power feed off 


Main Power Feed 


Enable clocks X3 


Send Single Pulses X1 
Send Contin. Pulses X2 
Loop Filter X0 


Time Slot 0-2 XO, 1, 2 





Puts the IBC into a powerfeed off state. This 
state is indicated by C/I code HI. 

The 8-bit supply current equivalent is read 
serially through this pin into 1(7:0) from the local 
power supply. The read is synchronous to the 
B1 channel in the IOM frame (time slot 0 in 
LT:MUX mode). Used for power supply control 
by the layer 2 device. Tie LOW when not in use. 
Enables clocks in “deactivated” state. Also 
during RST =0, outputs are low impedance 
when ENCK =0 and high impedance otherwise. 
Test Mode 1 

Test Mode 2 

The PLL loop filter can be switched on (1) or off 
(0). Also available in Monitor Channel. 

In MUX mode, one of eight possible time slots is 
selected to be read by the device (TSO =LSB). 


15.36 MHz X1:LT non SLD 
7.68 MHz X4:NT 
ssamez [LI LILI LU UU UU UU UU LULL] xoe 
asemHz [LJLIJLILILILILILILILI L$ xe 

1s3emMHz [ Lf Lf Lf }” xi 

si2kzz [ | [oo 


*FSC not shown (8 kHz 1:1 and1:63) 


11137-020B 


Figure 18, Output Clock Relationshins 


Figure 18 shows the relationship between the various 
Clock outputs from the IBC. The crystal frequency is 
15.36 MHz. All clock outputs have a duty cycle of 1:1 ex- 
cept 2.56 MHz (1:2). Note that the following are derived 
directly from the crystal oscillator; 15.36 MHz and 2.56 
MHz. They are not synchronized to the line. Their accu- 
racy will be, to a first order, governed by the crystal accu- 
racy (+ppm maximum). 


The following clocks are derived both from the crystal 
and, with the help of the DPLL, from the line; 7.68 MHz, 
1.5386 MHz, DCL and FSC. Synchronization may be re- 
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garded as a two-stage process. First, a synchronous 
7.68 MHz signal is derived using the DPLL. Second, all 
other synchronous clocks are derived, by simple divi- 
sion, from 7.68 MHz synchronous. Because of the inter- 
nal method of synchronization employed, the 7.68 MHz 
signal may “step forward or back” by 1 crystal period (see 
Figure 18). Therefore, the period of 7.68 MHz, and all 
synchronous clocks derived from it, may vary by one 
crystal period (+ 65 ns). This, to a first order, gives the ac- 
curacy of the various synchronous clocks. Tables 6 and 7 
detail the accuracy of the clock outputs with respect to 
the symbols defined in Figure 20. 
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sasmez FLI LU LI UU UU UU UU UU 
vesmeza.f LI LI LJ LI LI LI LUI Ww 
veameze. LJ ULI LI LI LJ LI Li) 
veamezc.f LJ Lei LI LI'L LI LI 1 


A+0 
Period B step forward 
C step backward 11137-021B 


Figure 19. Possible 7.68 MHz Clocks 
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Figure 20. Clock Timing Symbols 


Table 6. DCL Timing 


Output TE/NT 512kHz 
TE/NT 512 kHz 
TENT 512kHz 
Input LT mode 
LT mode 


124.93 
62.46 62.5 
yt 62.46 62.5 
G(SEL)8kHz63:1 124.93 125 
TE(SEL)8kHz63:1 122.08 123.05 
TE(SEL)8kHz63:1 1888 1953 


Inpu 





Am2095 2-155 








Table 11 defines the rise and fall times of DCL and FSC clocks in the various modes. 
Table 11. DCL/FSC Rise and Fall Timing 
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* 


TE 2.56 MHz 1:2 
TE 2.56 MHz 1:2 
TE 2.56 MHz 1:2 
NT 7.68 MHz 1:1 
NT 7.68 MHz 1:1 
NT 7.68 MHz 1:1 


TE 1.536 MHz 
TE 1.536 MHz 
TE 1.536 MHz 
LT* 15.36 MHz 
NT*15.36 MHz 
NT*15.36 MHz 


in normal and SLD modes or} 


Descriptio 


Table 8. X4 Clock Timing 


-100 ppm 
—100 ppm 
-100 ppm 


260 
130 
130 


391 
391 
+100 ppm 
+100 ppm 
+100 ppm 


+100 ppm 
+100 ppm 


+100 ppm 


Conditions 


. osc+100 ppm 


osc +100 ppm 
osc +100 ppm 


Conditions 


osc +100 ppm 
osc +100 ppm 
osc +100 ppm 


Conditions 


osc + 100 ppm 
osc +100 ppm 
osc +100 ppm 





[Description | Mode [win | Typ | Max [ unt | Condition 


TRD; DCL rise time 


TFD; DCL fall time 


| TER: FSC rise time 


TFF; FSC fall time 


NT/TE 
LT normal 
LT MUX 
NT/TE 
LT normal 
LT MUX 
NT/TE 
LT normal 
LT MUX 
NT/TE 
LT normal 
LT MUX 
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50 
60 
25 
50 
60 
25 
50 
60 
50 
50 
60 
50 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


IOM-Interface 


Given the clock accuracies defined in the previous sec- 
tion the following paragraphs define the timing relation- 
ships between the data and the DCL and FSC clocks. 


Normal Mode 
Master mode (TE/NT mode) 


IOM-rame “n” 1OM-frame “n+1” 
(.. .B*-channel) (B1—channel. . .) 


FSC (0) ST 





| 
Ths 
oe 4s 
y———_+-_ oy —_———— k——— 
| 
DCL(0) | | | 
! | . Ti | 
| 
sccesienan’ 2 Ge GD ane Ga 
OO ee Ea D sasestf ens: Sa a ea i. ee er 
| Tso) 
| 


SDO x Y 


Figure 21. Normal TE/NT Mode Timing Diagram 


Table 12. Normal TE/NT Mode Timing 
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Slave Mode (LT) 


1OM-frame “n” | 1OM-frame “n+1” 


(. . .B*-channel) | (B1-channel. . .) 





Figure 22. Normal LT Mode Timing Diagram 


Table 13. Normal LT Mode Timing 


Frame sync. hold 
Frame sync, setup: 


"0 M input data hold 
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TE Inverted Mode 


| 
DCL(0) Se oe oe 2 ee 2 


i 
| | | Trsp | | Trso 


| 1; ! 
FSC(0) | | lj 
| 


| | ) 7 
—-+ seis secs eis“ eas mui etm ems caesium msm pene cima Ns “oma ‘cms cms mein sm oman isc’ nin “Sem ame cima ums 
o (Dt it} nal tesuants Co 
i 


SDO Bit 3 channel B* 1 Bit 4 channel B* Bit 5 channel B* 


Figure 23. Inverted TE Mode Timing Diagram 


Table 14. Inverted TE Mode Timing 
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LT: MUX Mode 


| oe 


| Pi Te | 
——+l 


| Trs j 
FSC(1) | 1 ot 
I i 
I TF ta: 
teehee Abn a a eee ee Ths | fea te Ne ot eee nw Meat elt eke Poe 
eae Leper eae seer ee ch cer a eae ee a tena ea ea ene ee 


— | 
SDO | Channel 7, bit 27 (bit 251) 


Figure 24. Inverted LT MUX Mode Timing Diagram 
Table 15. Inverted LT MUX Mode Timing 


Frame sync. hold 
Frame sync. setup 


HOM output data hold 





Receiver Stage Properties 
Table 16. Receiver Stage Properties 


Input stage/measured property | aS 










Line Amplifier - Dynamic Range 0-30 
- Resolution (128 setting) 0.236 
Anti-Aliasing Filter and Low Pass Filters 
> 1.1 MHz - Minimum attenuation 30 
> 1.1 MHz - Typical attenuation 35 
Equalizer - Dynamic Range 0-15.36 dB 





- Resolution (8 settings) 2.194 
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PHYSICAL DIMENSIONS 


PD 024 





125 014 
.160 .023 


Am2095 


06847B 
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901/Am20902 


ISDN Echo Cancellation Circuit (IEC) 


Two- ak set 


DISTINCTIVE CHARACTERISTICS 


H Full duplex transmission and reception of the “U” 
(4B3T) interface signals according to the FTZ 
Guideline 1R 220 of the Deutsche Bundespost 
(DBP) 

—144 kbps user bit rate over standard local 
telephone loops 

—1 kbps maintenance channel for transmission of 
data loop back commands and detected 
transmission errors 

—4B3T ternary block code (subscriber line symbol 
rate 120 kbaud) 


| MMS 43 

| Coder 
| Scrambler | 
| Speed | 
| Converter | 






B+B+D 
144 kb/s 


CLOCK | 
FRAME 


DIN | 





1OM ie 
Interface | 
Unit 


Control 
ells 





B+B+D f 
144 kb/s_| 


+ 
Code 
Errors 


| M Bit 

















Speed | 
Converter 
| Descrambler| 
| Decoder 
| Demux | 





Equalizer | 
& 


Detector 
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Coeff. Read 


~+ Coeff. Adapt. 

























| Shaping 


7 | Timing . 
ee 
| Timing 

| Recovery 


Advanced 
Micro 
Devices 


—Monitoring of transmission errors 


—Subscriber loop length without repeater: 
up to 4.2 km on 0.4 mm wire 
up to 8.0 km on 0.6 mm wire 


Adaptive echo cancellation 
Adaptive equalization 
Automatic polarity adaptation 


Clock recovery (frame and bit synchronization) in 
all applications 







Pulse 


D/A 
Post 
Filter 





it 2 
> | to Ext 


Hybrid 










Providing all Blocks | 
with clocks 









| Coeff. 


Adapt. 


»| Echo 
Canceller 





A/D 


Digital Digital |, 2} 
AGC | Low #7 Y 
Pass from Ext. 
. Hybrid 






| Publication # 11152 Rev. B Amendment /0 


March 1989 





issue Date: 


DISTINCTIVE CHARACTERISTICS (continued) 


@ Transposition of ternary to binary data and vice 
versa (coding, decoding, scrambling, 
descrambling, phase adaptation) 


M Built-in wake-up unit for activation from power- 
down state 


™ Activation and deactivation procedure according 
to CCITT 1.430 and to FTZ Guideline 1R 210 of 
the DBP 


™ Adaptation of internal interfaces to the current 
signal direction by programmable operation 
modes: 
LT: Line Terminator in public or private exchange 
NT: Network Terminator connected to SBC 
NT-PABX: Trunk Module (TMD) 
NT-TE: Terminal equipment 
LT-RP: U Repeater unit subscriber side 
NT-RP: U Repeater unit exchange side 


™ Optimized for working in conjunction with SBC 
via IOM interface 


™ Data speed conversion between the Uio frames 
and the IOM frames. In the LT and NT-PABX 
modes absorption of received phase-wander of up 
to 18 usec peak to peak (CCITT Rec. Q.512) 


™ Handling of commands and indications contained 
in the 1OM C/I channel for (de-) activation, 
supervision of power supply unit and equipment 
for wire testing 


GENERAL DESCRIPTION 


The Am20901/20902 ISDN Echo Cancellation Circuit 
(IEC) is an advanced CMOS circuit for transmission 
over the Uko interface. The adaptive filter concept of the 
IEC is based ona highly digital approach which utilizes a 
sophisticated digital signal processing capability. 


The Am20901/20902 enables digital full duplex voice/ 
data transmission via the standard twisted pair 
telephone cable. (U interface) with a user bit rate of 
144 kbps according to the ISDN standards. Together 
with the flexible IOM interface, it is fully compatible to 
operate with the Am2080 (SBC) devices and also en- 
ables a repeater (two IEC’s back to back) for longer tele- 
phone loops. 


The IEC is capable of operating in the following applica- 
tions by means of pin strapping: the exchange, the net- 


@ Data availability via the MONITOR channel: 


—accumulated RDS transmission errors; in the LT 
mode for the whole Uko link, in the NT mode 
only for those detected in the circuit itself 


—measurement value of the loop current 


—Echo canceller coefficients and status values, 
which can be used to give evidence of the 
state of “U” interface link 


@ Switching of an analog test loop at the Uso 
interface for testing as many units of the IEC as 
possible (loop 1 in LT, loop 4 in the repeater and 
loop 3 in the NT-PABX mode in reverse direction 
to the public exchange) 


# Switching of a digital test loop as near to IOM as 
possible (loop 2 in NT-PABX and NT-TE) 


™ Remote control of test loop switching via 
maintenance channel 


Test loop 2 in the SBC (NT mode) 


Test loop 2 in the IEC near to the IOM interface in 
the NT-PABX and TE modes 


Test loop 4 in the IEC LT-repeater mode near to 
the U-line 


™ Generation of a synchronized 7.68 MHz clock for 
the SBC in the mode 


work termination, the terminal equipment, and the trunk 
model connecting a PABX to the public network. 


At the present the IEC is available in a two chip set only. 


A “Digital” Circuit, called IEC-D (PEB 20901) contains 
the digital receiver functions and the IOM™ -Uko inter- 
face functions. 


An “Analog” Circuit, called IEC-A (PEB 20902) contains 
the crystal oscillator and all of the analog functions of the 
line port, namely the A/D converter in the receive path 
and pulse shaping D/A converter and line driver in the 
transmit path. 
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CONNECTION DIAGRAMS 






Top View 
24-Pin DIP 

VDD { |i-e 
TMo [2 
DVDD L}] 16 24 |_} AOUT APF T13 
PDOWL] 2 23 |_| BOUT CL70 [__}4 
penn [| 3 22 [_] cL120 as = : 
RANGE] 4 21 ["] TTDo mp1 7 
LOOP [] 5 20 [] T1D1 tbo lf 1s 
VREF[] 6 Am20902 19 [7 RSRVD ™ Fo 
CLiIS[T] 7 18 [_] AGND lom2 [_] 10 
LEveL[] 8 17 |] PDM LOOP |_| 11 
xouTE] 9 16 _] AVoD EBON La Ae 
RsRvD LI 10 15 LIAIN RANGE |_} 13 
CLi5[_] 14 
XIN L] 11 14 |_] BIN PpM [115 
GND L} 12 13 LJ VDD LEVEL [| 16 
CL960 [—] 17 
Diss [118 
RESQ [—] 19 






28-Pin PLCC 
Q w A F& FE 
5 ro) Q =) — 
a > 0 QO 
Oo ac O < 
aay (a ae es es 
3 2 1 27 
RSAVD] | 4 . 26| | CL120 
RANGE| | 5 25| | TTDO 
Loop} | 6 24| | TTD1 


VREF| | 7 23} | RSRVD 

RsAvo[ | 8 Sgn 
cls] |9 RSRVD 
LEVEL| | 10 20} | PDM 
xout| | 11 | 19] | AVDD 


RSRVD | 12 

_] 
= 
x< 








14 15 16 


a 
= 
a 


AIN] | 


BS ee 
Q Q 
= OQ 
Oo > 


Note: Pin 1 is marked for orientation. 


TLo7[_|7 
RDi[_]8 
TTD1{_ | 9 
TTDOL_] 10 
TXL_} 11 
lome2_] 12 
LOOPL_} 13 
PDOw[_ | 14 
RANGEL_] 15 
CL15L_] 16 
PDML_] 17 


| JRSRVD 
at |CL70 
= |_JAPF 
wo [_}]THO 
nm} {VDD 
e | |/VDD 


18 


LEVEL L 


CL960 L| © 


40-Pin DIP 











DissL] 8 


RESQL] ® 


40 _] TSP 
39{ | TM1 
38{ | TM2 
37 [—] TM3 
36 [1] TM4 
35 [|__| TMS 
34, ]TM6 


33 |__| SLOTO 
32 {|_| SLOT1 
31][  ]SLOT2 


Am20901 30 |__} MPF 


44-Pin PLCC 


= |—] RSRVD 


£17] TSP 
py TMi 
ef TM2 
= [7] TM3 


Am20901 


CLSLI 
NW[E]® 
DouT [ | ¥ 


GND] 8 
RSRVD[] 8 


29 |_] BURST 
28 [_] CLOCK 
27 |_| FRAME 


39[ ]TM4 
38[_]7M5 
371 | TM6 
36{_]SLOTO 
35|_}SLOT1 
34] SLOT2 
33{_ | MPF 
32| ] BURST 
31|_} CLOCK 
30|_] FRAME 
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LOGIC SYMBOL 


+5 V 





Am20901 
IEC-D 


OV 
RSRVD 


AGND 





Am20902 
IEC-A 


a 


15.36 MHz 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM20901 
AM20902 P Cc 


B 
a e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


c. PACKAGE TYPE 
P= 40-Pin Plastic DIP (PD 040) (Am20901) 
J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) (Am20901) 
P = 24-Pin DIP (PD 024) (Am20902) 
J = 28-Pin Plastic Leaded Chip Carrier 


(PL 028) (Am20902) 
b. SPEED OPTION 
a. DEVICE NUMBER/DESCRIPTION Not Applicable 
Am20901/20902 


ISDN Echo Cancellation Circuit (IEC) 


Valid Combinations 


AM20901 PC, JC, PCB, JCB 
AM20902 PC, JC, PCB, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 





*The Am2090 is a two-chip set. It is ordered as an Am20901 and Am20902. 
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Am7938 


Quad Exchange Power Controller (QEPC) 


DISTINCTIVE CHARACTERISTICS 
Supplies power for up to four digital telephone a 


lines 


Conforms to the CCITT recommendations for 


power feed at the “S”or “T” reference point 
Applications for intelligent NTs and 
PABX/Central Office line cards 


Supports point-to-point and 
point-to-multipoint configurations 


Built-in battery control circuit for -40 V 


operation 


Each of the four lines is individually controlled 


BLOCK DIAGRAM 


rFerrrnwrernnrnnrecnrwxnereereeenwrewernwnewenennwnereneezrernzeewreoanewnwnoexenwee 





ADDRESS 
BEG ISTER MULTIPLEXER 


DATA 


REGISTER - 


ALE A, CSD, D, D, D; WA RD RESET 


Advanced 
Micro 
Devices 


Status detectors for each line driver; 
open-loop, current-overload, low output 
voltage, thermal overload 


Programmable current limiting 
Automatic shutdown of overloaded lines 
Automatic thermal shutdown 
Microprocessor-compatible interface 


High-voitage bipolar technology allows battery 
voltages up to 65 V 


Output current up to 150 mA per driver 


4 
‘ 
STATUS : 
DETECT : 
8 
‘ 
; 
a 
8 S, 
“Ss” ; S, 
DRIVERS ' 
’ Sz 
es, 
'+—— BGND 
‘ Ves 
Ve 


VOLTAGE 


REFERENCE 





ween ee ee ee eee 09153-001A 


Publication # 09153 Rev. C Amendment /0 
Issue Date: April 1989 
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GENERAL DESCRIPTION 


The Am7938 Quad Exchange Power Controller (QEPC) 
provides a power source for up to four line interfaces. 
The power source to the Am7938 is a local battery or a 
centralized regulated power supply. The Am7938 can 
reside in intelligent NTs or PABX/Central Office line 
cards. It can operate in point-to-point and point-to-multi- 
point configurations. Via the Am7938’s microprocessor 
interface, each powered line is individually controlled 
and monitored. The power to each line can be switched 
off independently. Hence, overloads and faults are easy 
to detect and localize even in a large system. The status 
conditions detected by the Am7938 on each line which 
may be read by the microprocessor are: low output volt- 
age, open-loop, current overload, thermal overload, and 
normal line conditions. 


GLOSSARY OF ABBREVIATIONS 


Ao Address Bit 

ALE Address Latch Enable 

BGND Battery Ground (Battery refers to Tele- 
phone Line Supply) 

CCITT Consultative Committee for International 
Telegraph and Telephone 

CO Central Office 

COD Current-Overload Detector 

cs Chip Select 

Do—Ds Data Lines 0 through 3 

DGND Digital Ground 

IAR Indirect Address Register 

ILIM Current Limit 

ISDN Integrated Services Digital Network 

LER Line Enable Register 

LVD Low Voltage Detector 
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Current limit and thermal shutdown circuits protect the 
Am7938 against overload conditions. However, certain 
applications may require additional external protection 
Circuitry. 


The Am7938 has been developed specifically for 
CCITT-compatible ISDN configurations. It should be 
recognized, however, that due to its versatile design, the 
Am7938 can be used in numerous other applications. 


MPI Microprocessor Interface 

NT Network Terminator 

OLD Open-Loop Detector 

PABX Private Automatic Branch Exchange 
RESET Reset 

RD Read 

RLIM Current Limit Programming Resistor 
RSRVD Reserved 

S “S” Reference Point 

So-Ss S-Driver Lines 0 through 3 

TE Terminal Equipment 

TOR Thermal Overload Register 

U “U” Reference Point 

Ve Battery Control Voltage 

Ves Battery Supply 

WR Write 


Am7938 


CONNECTION DIAGRAM 
Top View 


24-Pin DIP 


Note: 1. Pin 1 is marked for orientation. 





2. Reserved (RSRVD) pins should not be connected externally to any signal or supply. 


ORDERING INFORMATION 


AMD standard products are available in several packages and operating ranges. The ordering number 


(Valid Combination) is formed by a combination of: a. 
b. 
c 
d. 
e. 


AM7938 D Cc B 


Device Number 

Speed Option (if applicable) 
Package Type 

Temperature Range 
Optional Processing 


| e. OPTIONAL PROCESSING 


a. DEVICE NUMBER/DESCRIPTION 
Am7938 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
D = 24-Pin Ceramic DIP (CD 024) 


b. SPEED OPTION 
Not Applicable 


Quad Exchange Power Controller (QEPC) 










Valid Combinations 
AM7938 DC, DCB 
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Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


Ao 

Address Line (input) 

Ao selects source and destination locations for read and 
write operations on the data bus. Ao must be valid on the 
falling edge of ALE or during RD and WR if ALE is tied 
HIGH. 


ALE 

Address Latch Enable (Input; Active HIGH) 

ALE is an input control pulse used to strobe the address 
on the Ao line into the address latch. This signal is active 
HIGH to admit the input address. The address is latched 
on the HIGH-to-LOW transition of ALE. While ALE is 
HIGH, the address latch is transparent. For an unmulti- 
plexed microprocessor bus, ALE must be tied HIGH. 


BGND 
Ground, Battery 


Regulated output on Vs is referenced to this ground. 


cs 

Chip Select (Input; Active LOW) 

CS must be LOW to enable the read or write operations 
of the Am7938. Data transfer occurs over the Ds—Do 
lines. The interaction of CS, RD,WR , and Ds—Do is 
described below. 


Ds—Do 

Data Bus (Input/Output; Three State, Active HIGH) 
The four bidirectional data bus lines are to exchange in- 
formation with a microprocessor. Do is the least signifi- 
cant bit and Ds is the most significant bit. A HIGH on the 
data bus corresponds to a logical “0”. These lines act as 
inputs when WR and CS are active and as outputs when 
RD and CS are active. When CS is inactive, the Ds—Do 
pins are placed in a high-impedance state. 


DGND 
Ground, Digital 


Digital Ground to logic. 


ILIM 
Current Limit Programming (Input) 


ILIM programs the current limit of the “S” drivers using 
an external resistor connected between ILIM and Vss. 
The ILIM pin is 1.25 V more positive than Vss. The cur- 
rent limit is 5 mA plus 1000 times the current in the exter- 
nal resistor to ground. The programmed current limit ap- 
plies to each “S” driver. 
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RD 

Read (Input; Active LOW) 

The active-LOW read signal is conditioned by CS and 
transfers internal information to the data bus. If Ao is a 
logical “0”, logic levels of the Indirect Address Register 
(IAR) and Thermal Shutdown Status bit will be trans- 
ferred to Do—Ds. If Ao is a logical “1”, the data addressed 
by the IAR will be transferred to Do—Ds. 


RESET 
Reset (Input; Active HIGH) 


RESET initializes the registers in the Am7938, leaving 
the “S” drivers switched off. 


S3-So 

“S” Drivers (Output) 

S3-So each supply power to one line. The outputs can 
sink up to 150 mA each. The voltage at the line is con- 
nected to Vas through a saturated transistor switch. 


Ve 

Battery Reference Voltage (Output) 

Vs provides an output proportional to the deviation of Ves 
from an internal —40 V reference with respect to BGND. 
Ve can be used as a driver for an external PNP Dar- 
lington power transistor supplying power from the bat- 
tery to Ves. See Figure 2. 


Ves 
Supply Voltage “S” Driver (Input) 
Ves supplies power to the “S” drivers. 


Vec 
+5 V Power supply (Input) 


Vss 
Substrate Voltage (Input) 


Vss is the internal negative supply voltage. Vss must al- 
ways be connected to the most negative supply voltage. 


WR 

Write (Input; Active LOW) 

The active-LOW write signal is conditioned by CS and 
transfers information from the data bus to an internal 
register selected by Ao. If Aois a logical “1”, Do—Ds is writ- 
ten into the Line Enable Register (LER). If Aois a logical 
“0”, Do—Dz is written into the IAR. LER and IAR are the 
only two writable registers in the Am7938. 
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FUNCTIONAL DESCRIPTION 


The Am7938 is divided into two sections, the Analog 
section and the Microprocessor Interface (MPI) section. 
The analog section provides power and detects the 
status of the “S” lines. This status information is avail- 
able to the microprocessor via the MPI. 


initialization 


The Am79938 is initialized when reset by an external sig- 
nal applied to the RESET pin. In the initialized state the 
analog drivers are switched off. 


-—40 V Power 


The voltage at the “S” drivers is approximately Vas (less 
VSAT). Aregulated—40 V “S” output can be achieved by 
using the Vs pin to drive external Darlington power tran- 
sistor. 


Analog Section 


The major functions of the Analog section are the four 
line drivers, which are saturated Darlington transistor 
switches capable of sinking up to 150 mA each. The 
power to the drivers is derived from the negative supply 
voltage (Vas) to the Am7938. The output voltage to each 
line is slaved to Vas, and the voltage drop in each driver 
is approximately 1.5 V. 


Line driver protection is provided through the integration 
of current limit and over-temperature shut-off. The cur- 
rent limit is hardware-programmable via an external re- 
sistor (RLIM) connected between ILIM and Vss. The 
ILIM pin is 1.25 V more positive than Vss. The output 
limit is: 5 mA + 1000 x 1.25 V/RLIM. 


The thermal shut-off is internally set at approximately 
150° C. At this temperature all the drivers are uncondi- 
tionally switched off. However, at approximately 140°C, 
only the drivers that are in the current-overiload condi- 
tion will be turned off. 


Status detectors, associated with each of the line driv- 
ers, monitor the load conditions on each line by compar- 
ing an electrical parameter (e.g., current and voltage at 
the line) with a reference level. The output of each de- 
tector can be read by the microprocessor. In addition to 
these status detectors, the temperature of the Am7938 
is monitored via integrated temperature detectors. The 
detectors respond at approximately 140°C and 150°C, 
as defined above, and the 150° C detector can be moni- 
tored by the microprocessor via the MPI. The status de- 
tectors provide the following information from each of 
the lines (all detectors have built-in hysteresis): 
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Low Output Voltage Detection 


The low output voltage status bit becomes active when 
the output transistor is pulled out of saturation. 


Open-Loop Detection 


The open-loop status bit becomes active when the cur- 
rent on the line drops below a minimum value. 


Current-Overload Detection 


The current-overload status bit becomes active when 
the current on the line nears the current limit. 


Thermal Overload Detection 


If the Am7938 device temperature reaches 140°C, then 
all the line drivers in the current-overload condition will 
be switched off and the corresponding bits in the Ther- 
mal Overload Register will be cleared. If the device tem- 
perature increases to 150° C, all the line drivers will be 
turned off, and all the bits in the Thermal Overload Reg- 
ister will be cleared. The T-bit will be set, and it can be 
read along with the Indirect Address Register (IAR) to 
indicate that all the drivers have been turned off. To in- 
itialize any of the bits in the Thermal Overload Register, 
the microprocessor must first turn off on the line drivers 
via the Line Enable Register (LER) (see MPI definition). 
The line drivers must not be reactivated until the T-bit in 
the address register is cleared by the temperature 
detector in the Am7938. 


MPI Section 


The MPI allows the user to access the detectors defined 
in the Analog section. The line driver's status bits are 
grouped by function. Bits 0 through 3 of the detectors 
correspond to lines 0 through 3, respectively. The status 
groups are: 


Low Voltage Detector (LVD) 
Open-Loop Detector (OLD) 
Current-Overload Detector (COD) 
Thermal Overload Register (TOR) 


The data is not latched in these status groups except in 
the TOR. Thus, the user should filter (multiple samples) 
the received data to ensure its integrity. There are two 
other registers in the MPI: the Indirect Address Register 
(IAR), and Line Enable Register (LER). 


The IAR contains 3 bits which address the desired 
status group or the LER. The IAR is read along with the 
T-bit defined in the Analog section. The microprocessor 
can read the IAR to check the validity of the address. 
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The LER is used to enable or disable the individual line 
drivers. The line drivers will only become active if the 
corresponding bit in the TOR is inactive. The LER is a 
read/write register. The MPI contains the interface to the 
following pins: 


Ds—Do Bidirectional Data Bus 

Ao Input Address Line 

ALE Input Address Latch Enable 
RD Input Read Enable 

WR Input Write Enable 

cs Input Chip Select 


The 4-bit bidirectional data bus (Ds~Do) is used to com- 
municate with the registers. Access to the registers is 
controlled by CS, RD, WR, ALE, and Ao as shown below. 
A read or write cycle must be preceded by a valid Ao. Ao 
is latched internally in a transparent latch by ALE. The 
selection of the status group or the LER is determined by 
the content of the IAR. Following a write to the IAR, a de- 
lay of at least 1 ws must be provided for settling before 
the next read operation. Subsequent reads from the 
status group or the LER do not have this restriction. 


The truth table for the MPI control is shown below: 


CS RD WR Ao 

0 1 0 0 Write IAR (T bit is read only) 
0 0 1 0 Read IAR and T bit 

0 1 0 1 Write LER 

0 0 1 1 Read status groups or LER 
1 X X X No access 


Indirect Address Register (IAR) and T bit 


The IAR is 3 bits wide and accessible through the data 
port, De—Do. The content of the Indirect Address Regis- 
ter (IAR2—-lIARo) determines the selection of the status 
groups or the LER. The thermal overload bit “T” is read 
at the same time as IAR and occupies Ds. This register 
has the following format: 


IAR2-lIARo address the status groups and the LER as 
shown below: 


IAR2 IAR1 IARO ~— Select 

0 0 0 LVD 

0 0 1 OLD 

0 1 0 COD 

0 1 1 Reserved 
1 0 0 Reserved 
1 0 1 Reserved 
1 1 0 LER 

1 1 1 TOR 


The contents and format of the status groups and the 
LER are as follows: 


LVD: 


Bit Logical “1” 

0 “SO” low voltage 
1 “S1" low voltage 
2 “S2”lowvoltage “S2” voltage normal 
3 “S83” lowvoltage  “S3”" voltage normal 


The Low Voltage Detector (LVD) indicates the voltage 
level on the “S” lines. The low voltage condition be- 
comes active (logical “1”) if the output transistor is pulled 
out of saturation (VSOL). 


OLD: 

Bit Logical “1” 

0 “SO” open-loop 
1 “S1” open-loop 
2 “S2" open-loop “S2” current normal 
3  “S3” open-loop “S3” current normal 


The Open-Loop Detector (OLD) indicates the open-loop 
condition on the “S” lines. The open-loop condition be- 
comes active (logical “1”) if the current on the line drops 
below the threshold value ISOC. 


Logical “0” (default value) 
“SO” voltage normal 
“S1” voltage normal 


Logical “0” (default value) 
“SO” current normal 
“S1” current normal 





Bit Symbol 
: CoD: 
0 |ARO Bit 0 of the IAR 
1 IAR1 Bit 1 of the IAR Bit Logicai “1 Logical “0” (default value) 
P IAR2 Bit 2 of the IAR 0 “SO” current-overload “SO” current normal 
3 T T bit (Read only) 1 $1” current-overload “S1” current normal 
Logical “0”: temperature 2 S2” current-overload “S2” current normal 
normal (default value) 3  “S3”current-overioad “S3” current normal 
Logical “1”: temperature 
above 150° C (all drivers 
shut off) 
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The Current-Overload Detector (COD) indicates the 
current-overload condition on the “S” lines. The over- 
load condition becomes active (logical “1”) if the output 
current approaches the value programmed by an exter- 
nal resistor between ILIM and Vss. 


TOR: 


Bit Logical “1” (default value) Logical “0” 
0 “SO” operational “SO” off 
1  “S1” operational “S1” off 
2 “S2”" operational “S2” off 
3  “S3” operational “S3” off 


The Thermal Overload Register (TOR) contains the 
overload status of the “S” line drivers. If the Am7938 de- 
vice temperature reaches 140° C, then the “S” line driv- 
ers which are in the current-overload condition will be 
switched off. The corresponding bits in the TOR will be 
set to a logical “0”. To initialize any of the bits in the TOR, 


the microprocessor must first turn off the “S” line drivers 
via the LER. However, the TOR bits cannot be deacti- 
vated if the 150° C detector is active. The uP may 
re-enable the “S” drivers via the LER after the TOR 
condition is removed. The TOR is a read-only register. 


LER: 


Bit Logical “1” Logical “0” (default value) 


0 “SO”on “SO” off 
1 “S1”on “S1” off 
2 “S2”on “S2” off 
3 “S3”on “S3” off 


The Line Enable Register (LER) is used to enable or dis- 
able the individual “S” line drivers. The “S” line will only 
become active if the corresponding bit in the TOR is set 
to a logical “1”. The LER can be written directly and read 
indirectly. 
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APPLICATIONS 


The Am7938 major applications are in intelligent NTs, 
and in PABX and Central Office line cards. The applica- 
tions show the Am7938 interfaced to the CCITT “S” in- 
terface point; however, the Am7938 can be used to con- 
trol the power feed for any transformer coupled system, 
i.e., the CCITT “U” interface point. 


For inductive loads it is advisable to connect .01 pF be- 
tween each output pin and Vss, and connect diodes as 
shown in Figure 5. 


The MPI Registers will not function properly when the 
battery power is disconnected, i.e., when Vss is floating 
or grounded. 


The Am7938 Used With a Regulated Supply 
(Figure 1) 


This diagram shows the Am7938 used with a regulated 
supply voltage of Ves = —40 V +5%. The output voltage 
from the “S” drivers (because of the voltage drop across 
the internal transistors) will be VSAT more positive than 
Vee. The Vs pin is unused; Vss is tied to Ves. Other 
battery voltages can be used. The Am7938 can power 
up to eight TEs per “S” line provided the total current per 
line does not exceed 150 mA. 


Recommended Decoupling: 
0.1 pF from Vcc to DGND 
1.0 pF from Vss to DGND 
Vss shorted to Ves 

DGND shorted to BGND 


The Am7938 Used With an External Power 
Transistor (Figure 2) 


Power to the Am7938 is supplied from the local battery 
with an external power transistor to dissipate power 
from the Am7938. The Am7938 allows battery voltages 
up to 65 V provided the external power transistor can 
handle the power dissipation. 


Recommended Decoupling: 

0.1 uF from Vcc to DGND 

1.0 pF from Vss to DGND 

0.1 LF from Ves to DGND 

0.1 LF from Vs to Vss (across transistor B—C) 
DGND shorted to BGND 
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The Am7938 Employing a Relay to Provide 
Polarity Reversal (Figure 3) 


The CCITT recommends that polarity reversal be used 
to resolve the power contention in a point-to-multipoint 
configuration when local power is lost. In Figure 3, polar- 
ity reversal is implemented using the Am7938 and one 
additional relay. The coil and contacts of the relay are 
connected so that the relay is activated when local 
power is available, and is deactivated when local power 
is lost. Hence, power consumption is minimized when 
local power is lost. 


An alternative solution for powercontention resolution is 
to power only a few lines when local power is lost. Inthe 
Am7938, each line is independently controlled via the 
microprocessor through the LER, hence, the micropro- 
cessor can turn off non-priority lines as required. 


Four Am7938s Interfaced to a Microprocessor Bus 
(Figure 4) 


This diagram illustrates four Am7938s interfaced to a 
microprocessor. Only the lower four data lines from the 
microprocessor’s 8-bit data bus are used. These are 
connected to the Am7938s Ds—Do pins. In a non- 
multiplexed microprocessor bus system ALE must be 
tied to a logical “1”. 


Protection of the QEPC Against Overvoltage 
(Figure 5) 


In Central Office (CO) or long-line PABX applications, 
the QEPC requires additional external protection 
against lightning and voltages induced from the power 
lines. 


Figure 5 shows how the QEPC and the system is pro- 
tected via an overvoltage-limiting device and fuse resis- 
tors. 


The voltage-limiting device limits the voltage on the “S” 
line to a safe value, and the fuse resistors break the cir- 
cuit if a continuous high-power source is connected to 
the “S” line. The diode in the battery line prevents the 
line surges from going below the substrate voltage. 
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Figure 1. The Am7938 Used With a —40 V Regulated Supply 09153-003A 
(other battery/S,,, voltages can be used) 
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Figure 2. The Am7938 Used With an External Power Transistor 
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Figure 3. The Am7938 Employing a Relay to Provide Polarity Reversal 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ........... —60°C to +150°C 
Voltage from Digital Input 

10:DGND ec enon totes on ead ete eas —0.4 V to Vcc 
Voltage from Vcc 

TO: DGND ind fp dene thendee Sate ee taaeiens -0.4Vt0o7V 
Voltage from Vss 

TO DGD seein cucstd ast igo ey tate tia ee ~70 V to +0.4V 
Voltage from Ves 

10: DGND sbi eek eee ak (Vss—0.4 V) to +0.4 V 


ener rae and (Vcc -70 V) to +0.4 V 


100 ns Pulse Voltage from Si 


to DGND (Note 1 and 3) ........... -90Vto+2V 
Voltage from BGND 
10: DGND: cts oh 2684 oe ie had cede: Vss to Vec 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 
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OPERATING RANGES (Note 2) 
Commercial (C) Devices 


Ambient Temperature(Ta) ........ 0°C to +70°C 
OGND) 6a: 2teee oeewet ea eos eae eas 0V 
BGND Voltage .............. —2Vto+05V 
Veo VONRGG: case oo ceoe es ness +5 V + 5% 
Vas Voltage .............008. —65 V to -38 V 
Vss Voltage, Ve Unused ................. Ves 
Vss Voltage, Ve Used ....... —65 V to (Vee -3 V) 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


Notes: 
1. Si stands for So, S;, Sz, or Ss outputs. 


2. Operation at smaller Vss magnitudes is possible, but 
parameters are not guaranteed. 


3. The test condition is specified with a diode in series with Vss 
as shown in Figure 5. 
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DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 





Parameter Parameter Test Conditions Min. 
Symbol Description 

Vin Logic Input HIGH Level 2.0 
Vir Logic Input LOW Level 

lon Logic Output HIGH Current (Vou = 2.4 V) 400 
lou Logic Output LOW Current (Vou = 0.4 V) 

lin Logic Input HIGH Current (Vin = 2.0 V) 

lie Logic Input LOW Current (Vi= 0.8 V) 

lozH Output Hi-Z Current HIGH (2.4V < Voz < Vea): 

loz Output Hi-Z Current LOW (OV < Voz< 4 

lec VCC Supply Current ee 

CL Logic Input/Output Capacitance 

Vsat Saturation Voltage Vs 

la Current Into Vs (see Figure 6) 

Iss Vss Supply Current, 

las 

Isum RLIM = 8.62K TBD 
Isuim RLIM = 27.8K TBD 
Vsot 

Ison TBD 
Isoc TBD 
Isz Si Current 3 ground, Sidisabled Si is i-th output) 
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Typ 

















12 
10 


2.8 
1.2 
150 


Max. 


0.8 


100 
250 
100 
250 
TBD 


2.0 
50 


TBD 
TBD 
TBD 
TBD 


TBD 
TBD 
TBD 
TBD 


Cc 
= 
oe 


= S5< HZEESESZESS 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


Parameter Parameter Parameter Min. Max. Unit 
Number Symbol Description 4 












Microprocessor Read/Write Timing 













1 tRLRH RD, CS Pulse Width P| 
2 tRHAL RD Recovery Time ; _ 200 ns 
3 trLDA RD, CS LOW to Data Availabé, 200 ns 
4 tRHOZ RD or CS HIGH to Data 110 ns 
5 tAHAL ALE Pulse Width — 60 ns 
6 TADAL irt 35 ns 
7 tapaz 35 ns 
8 tazAL 0 ns 
9 tWLWH 200 ns 
10 tWHWL 200 ns 
11 tDAWH 100 ns 
12 twHoz 100 ns 


u rE Write of Detector Read 


Reset Timing 


14 tres © 
15 tPHAL 


"Reset Pulse Width 200 ns 
. Power Stable to Reset LOW 1 Us 





Note: 
All switching characteristics tests are performed with a 100 pF test load. 
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Figure 7. Microprocessor Read/Write Timing 09153-009A 





Notes: 
1. If tea is negative, trun, tava, taza. ANd trina are Measured from CS rather than RD. ff tum, is negative, twaw. and twwn are Meas- 20 
ured from CS rather than WR. 


2. Hf tancn is negative, tara, tarry aNd taypz are measured from CS rather than AD. If twucn is negative, twaw. and twiws, toawn ANd twoz 
are measured from C5 rather than WR. 


3. When a read from a status group or the LER immediately follows a write to the IAR, a minimum of 1 us is required between 
these operations. This is to allow the internal buffers in the Am7938 to settle. Subsequent reads from the status group or the 
LER do not have this restriction. 





Figure 8. Reset Timing 09153-010A 
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PHYSICAL DIMEMSIONS 
CD 024 


1.235 
1.290 .098 
MAX 


ela. —-|}- 


100 
.050 .005 
065 BSC MIN. 


590 
015 615 
060 008 
160 : ; 012 
220 = 2 
a 150 
a | } Re MIN. 


015 Legeensi OO at 
022 MAX 


07156B 
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Am82525 svat 


High-Level Serial Micro 
Communications Controller Extended (HSCX ) Devices 





DISTINCTIVE CHARACTERISTICS 
Serial Interface 
Two independent full-duplex HDLC channels 


Independent time slot assignment for each channel 
with programmable time slot length (1—256 bit) 


Different modes of data encoding (NRZI, NRZ) 
Modem control lines (RTS, CTS, CD) 
Support of bus configuration by collision resolution 


On-chip clock generation or external clock source 
On-chip DPLL for clock recovery for each channel 


On-chip baud rate generators for each channel 


BLOCK DIAGRAM 
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DISTINCTIVE CHARACTERISTICS (Continued) 


@ Programmable bit inversion 


@ Transparent receive/transmit of data without HDLC 
framing 


™ Cyclic transmission mode (1 to 32 bytes possible) 


Data rate up to 4 Mbps 


Protocol Support 
Auto mode 


Non-auto mode 
Transparent mode 
Handling of bit-oriented functions in all modes 


LAPB/LAPD/SDLC/HDLC procedural support in 
auto mode (I- and S-frame handling) 


Modulo 8 or modulo 128 operation 


Programmable timeout and retry conditions 


GENERAL DESCRIPTION 


The Am82525 HSC X is a High-Level Serial Communica- 
tions Controller with extended features and functionality. 
The HSCX is compatible to the Am82520 HSCC. 


The HSCX has been designed to implement high-speed 
communication links using HDLC protocols and to re- 
duce the hardware and software overhead needed for 
serial synchronous communications. 


Due to its 8-bit adaptive bus interface it fits into every 
AMD/Siemens/Intel or Motorola 8- or 16-bit microcon- 
troller or microprocessor system. The data throughput 
from/to system memory is optimized for transferring 
blocks of data (up to 32 bytes) by means of DMA or inter- 
rupt request. Together with the storing capacity of up to 


@ Programmable maximum packet size checking 


Microprocessor Interface 
64-byte FIFOs per channel and direction 


Storage capacity of up to 17 short frames in receive 
direction 


™ Efficient transfer of data blocks from/to system 
memory by DMA or interrupt request 


@ 8-bit demultiplexed or multiplexed bus interface 


intel or Motorola type microprocessor interface 


General 
Compatible to Am82520 (HSCC) 


™ Advanced CMOS technology 


@ Low power consumption 
—active 25 mW at 4 MHz 
—standby 4 mW 


64 bytes in on-chip FIFOs, the serial interfaces are effec- 
tively decoupled from the system bus which drastically 
reduces the dynamic load and reaction time of the CPU. 


The HSCX directly supports the X.25 LAPB, the ISDN 
LAPD, and SDLC (Normal Response Mode) protocols 
and is capable of handling a large set of OSI layer 2 pro- 
tocol functions independently from the host processor. 
Furthermore, the HSCX opens a wide area for applica- 
tions which use time division multiplex methods; e.g, . 
time-slot oriented PCM systems, systems designed for 
packet switching, and ISDN applications, by its program- 
mable telecom-specific features. 


The HSCxX is available in a 44-pin PLCC package. 





2-186 


Am82525 


CONNECTION DIAGRAM 
Top View 


44-Pin PLCC 


WR/ICO & 7 LJ DRQRA 
CSO 8 CD] DROTB 

RXDA CJ 9 ) DRORB 
RISA PA] TxCLKA 
CTSA/CxDA 1 RxCLKA 
TxDA J AxCLKA 
TxDB _} RxCLKB 
CTSB/CxDB || TxCLKB 
RTSB TM AxCLKB 
RxDB DAGKA 

RES DACKB 





ALE/AMO ( 


Note: Pin is marked for orientation. 
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LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM82525 J Cc B 


( ae e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. TEMPERATURE RANGE 
C= Commercial ( 0 to +70°C) 


c. PACKAGE TYPE 
J =44-Pin Plastic Leaded Chip Carrier (PL 044) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am82525 
High-Level Serial Communications Controller Extended (HSCX) 








Valid Combinations 


AM82525 JC, JCB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 


DO—D7 

Data Bus (Input/Output) 

The Data Bus lines are bi-directional three-state lines 
which interface with the system’s Data Bus. These lines 
carry data and commands status to and from the HSCX. 
RD/IC1 

Read, Intel Bus Mode (IM1 connected to LOW) (Input) 
This signal indicates a Read operation. When the HSCX 
is selected via CS, the RD enables the bus driver to put 
data from an internal register addressed by AO—A6 on 
the Data Bus. 

When the HSCX is selected for DMA transfers with 
DACK, the RD signal enables the bus drivers to put data 
from the respective Receive FIFO on the Data Bus, and 
Inputs to AO—A6 are ignored. 

INPUT CONTROL 1, Motorola Bus Mode (IM1 
connected to HIGH.) 


If Motorola Bus Mode has been selected, this pin serves 
as one of the following inputs (depending on the selec- 
tion with IMO) to control Read/Write operations: 

E = Enable, active HIGH (IMO tied LOW) or 

DS = Data Strobe, active LOW (IMO tied HIGH) 
WR/ICO 

Write, intel Bus Mode (input) 

This signal indicates a Write operation. When CS is ac- 
tive the HSCX loads an internal register with data pro- 
vided from the Data Bus. When DACK is active for DMA 
transfers, the HSCX loads data from the Data Bus on the 
top of the respective transmit FIFO. 

INPUT CONTROL 0, Motorola Bus Mode 

in Motorola Bus Mode, this pin serves as the R/W inputto 
distinguish between Read or Write operations. 


CS 

Chip Select (Input) 

A LOW signal selects the HSCX for a Read/Write 
operation. 

RXDA, RXDB 

Receive Data (Channel A/Channel B) ( Input) 

Serial data is received on these pins at standard TTL or 
CMOS levels. 

RTSA, RTSB 

Request to Send (Channel A/Channel B) (Input) 
When the RTS bit in the MODE register is set, the RTS pin 
goes LOW. When the RTS bit is reset, RTS goes HIGH if 


the transmitter has finished and there is no further 
request for transmission. 


In the bus configuration, this pin can be programmed 
using CCR2 to: 


CTSA/CXDA 
Clear to Send (Channel A/Channel B) (Input) 


A LOW on the CTS input pin enables the respective 
transmitter. Additionally, an interrupt may be issued if a 
State transition occurs at the CTS er If no “Clear to 
Send” function is required, the CTS pins should be 

connected directly to GND. 

CTSB/CXDB 

Collison Data (Channel A/Channel B) (Input) 

In a bus configuration, the external serial bus must 


be connected to the respective CxD pin for collision 
detection. 


TXDA, TXDB 
Transmit Data (Channel A/Channel B) (Output) 


Transmit Data is shifted out through these pins at 
standard TTL or CMOS levels. These pins can be 
programmed to work either as push-pull, or open 
drain outputs supporting bus configurations. 


RES 
Reset (Input) 


A HIGH signal on this input forces the HSCX into the 
reset state. The HSCxX is in power-up mode during reset 
and in power-down mode after reset. The minimum 
pulse which is 1.8 ps. 


IM1 
Input Mode 1 (input) 


By connecting this pin to either Vss or Voo, the bus inter- 
face can be adapted to either an AMD/Siemens/Intel or 
Motorola environment. 

IM1 = LOW: Intel Bus Mode 

IM1 = HIGH: Motorola Bus Mode 


ALE/IMO 
Address Latch Enable (Intel Bus Mode) (input) 


A HIGH on this line indicates an address on the external 
address/data bus, which will select one of the HSC’s in- 
ternal registers. The address is latched by the HSC X with 
the falling edge of ALE. This allows the HSCX to be di- 
rectly connected to a CPU with a multiplexed address/ 
data bus compatible to Am82520 HSCC. The address in- 
put pins AO—A6 must be exernally connected to a CPU 
with a multiplexed address/data bus compatible to 
Am82520 HSCC. The address input pins AO-A6 must be 
externally connected to the data bus pins (DO—D6 for 
8-bit CPUs, D1-D7 for 16-bit CPUs; that is, multiply all 
internal register addresses by 2). 


Input Mode 0, Motorola Bus Mode 


In Motorola bus mode, the level at this pin determines the 
function of the IC1 pin (see description of pin 6). 


Vss 


-go LOW during the actual transmission of a frame eroune: input) 
shifted by one clock period, excluding collision bits. OV 

~—go LOW during the reception of data frame. 

-stay always HIGH (RTS disabled). 
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A0O—A6 

Address Bus (input) 

These inputs interface with seven bits of the system's ad- 
dress bus A3 to select one of the internal registers for 
read or write. They are usually connected at AO—A6 in 
8-bit systems or at A1—A7 in 16-bit systems. 

INT 

Interrupt Request (Output) 

This signal is activated when the HSCX requests an in- 
terrupt. The CPU may determine the particular source 
and cause of the interrupt by reading the HSCX interrupt 
status registers (ISTA, EXIR). 

INT is an open drain output; therefore, the interrupt re- 
quest outputs of several HSC Xs canbe connected to one 
interrupt input in a “wired-or’ combination. This pin must 
be connected to a pull-up register. 


DACKA/DACKB 
Acknowledge (Channei A/Channel B) (input) 
When LOW, this input signal from the DMA controller 
notifies the HSCX that the requested DMA cycle con- 
trolled via DRQxx (pins 37—40) is in progress; that is, the 
DMA controller has achieved bus mastership from the 
CPU and will start data transfer cycles (either Read or 
Write). 
Together with RD, if DMA has been requested from the 
receiver or with WR, if DMA has been requested from the 
transmitter, this input works like CS to enable a data byte 
to be read from or written to the top of the receive or 
transmit FIFO of the specified channel. 
IF DACKn is active, the input pin AOQ—A6 is ignored and 
the FIFOs are implicitly selected. If the DACKn signals 
are not used, these pins must be connected to Vop. 
AxCLKA, AxCLKB 
Alternate Clock (Channel A/Channel B) (Input) 
These pins realize several input functions. Depending on 
the selected clock mode, they may supply either a: 
—CD (carrier detect) modem control or general purpose 
input. This pin can be programmed to function as re- 
ceiver enable if the “auto start” feature is selected (CAS 
bit in XBCH set). The state at this pin can be read from 
the VSTR register, or 


—a receive strobe signal (clock mode 1), or 


—a frame synchronization signal in time-slot oriented 
operation mode (clock mode 5), or 


—together with RxCLK, a crystal connection for the 
internal oscillator (clock mode 4, 6, 7). 


TxCLKA, TxCLKB 
Transmit Clock (Channel A/Channel B) 





-the transmit clock for the respective channel (clock 
mode 0, 2, 6), or 
~a transmit strobe signal (clock mode 1). 
Programmed as outputs (if the TIO bit in CCR2 is set), 
the TxCLK pins supply either the: 
—transmit clock of the respective channel which is gener- 
ated either 
e from the baud rate generator (clock mode 2, 6; 
TSS bit in CCR2 set), or 
e fromthe DPLL circuit (clock mode 3, 7), or 
e from the crystal oscillator (clock mode 4), or 
—a tri-state control signal indicating the programmed 
transmit time slot (clock mode 5). 
RxCLKA, RxCLKB 
Receive Clock (Channel A/Channel B) (Input) 
The function of these pins also depend on the 
programmed clock mode. In each channel, RxCLK 
may supply either: 
—the receive clock (clock mode 0), or 
—the receive and transmit clock (clock mode 1, 5), or 
—the clock for the baud rate generator (clock mode 2, 3), 
or 
—crystal connection for the internal oscillator (clock mode 
4, 6, 7, together with AxCLKA). 
DRQRA, DRQRB 
DMA Request Receiver (Channel A/Channel B) 
(Output) 
The receiver of the HSCX requests a DMA data transfer 
by activating this line. DRQRn remains HIGH as long as 
the receive FIFO requires data transfers, thus blocks of 
data (32, 16, 8, or 4 bytes) are transferred. 


DRQRn is activated immediately following the falling 
edge of the last read cycle. 

DRQTA, DRQTB 

DMA Request Transmitter (Channel A/Channel B) 
(Output) 

The transmitter of the HSCX requests a DMA data 
transfer by activating this line. 

The DRQTn remains HIGH as long as the transmit FIFO 
requires data transfers. 


The amount of data bytes to be transferred from system 
memory to the HSCX (byte count) must be written first to 
the XBCH, XBCL registers. 


Blocks of data (n - 32 bytes + REST, n=0, 1,...) are 
transferred until the byte count is reached. 


DRQTn is deactivated immediately following the falling 
edge of the last WR cycle. 


(Input/Output) Vop 
The functions of these pins depend on the programmed Power (Input) 
clock clock, provided that the TSS bit inthe CCR2 regis- | +5 V power supply. 
ter is reset. Programmed as inputs (if the TIO bit in CCR2 
is reset), they may supply either: 
Am82525 2-191 





FUNCTIONAL DESCRIPTION 


The HSCX comprises two completely independent full- 
duplex HDLC channels, Channel A and Channel B, sup- 
porting various layer 1 functions by means of an internal 
oscillator, baud rate generator (BRG), digital phase 
locked loop (DPLL), and time slot assignment (TSA) cir- 
cuits. 


Furthermore, layer 2 functions are performed by an on- 
chip LAP (link access procedure) data link controller. 


The data link controller handles all functions necessary 
to establish and maintain an HDLC data link, such as: 


™ Flag insertion and detection 

= Bit stuffing (zero-bit insertion/deletion) 
™ CRC generation and checking 

™ Address field recognition 


Associated with each serial channel is a set of independ- 
ent command and status registers (SP-REG) and 
64-byte-deep FIFOs for transmit and receive direction. 


DMA capability has been added to the HSCX by means 
of a 4-channel DMA interface with one DMA request line 
for each transmitter and receiver of both channels. 


General 


The HSCX distinguishes from other low-level HDLC 
devices by its advanced characteristics. The most 
important are: 


@ Support of different link configurations. 


Beyond the point-to-point configurations, the 
HSCX directly enables point-to-multipoint or multi- 
master configurations without additional hardware 
or software expense. 


In point-to-multipoint configurations, the HSCX can 
be used as a master as well as a slave station. 
Even when working as a slave station, the HSCX 
Can initiate the transmission of data at any time. 
An internal function block provides the means of 
idle and collision detection, and collision resolu- 
tion, which are necessary if several stations start 
transmitting simultaneously. A multimaster con- 
figuration is also possible. 


™ Support of layer 2 functions by HSCX. 


Besides those bit-oriented functions usually sup- 
ported with the HDLC protocol such as bit stuffing, 
CRC check, flag and address recognition, the 
HSCX provides a high degree of procedural sup- 
port. 


In a special operating mode (auto mode), the 
HSCX processes the information transfer and the 
procedure handshaking (I-, and S-frames of HDLC 
protocol) autonomously. The only restriction is that 
the window size (number of outstanding unac- 
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knowledged frames) is limited to 1. This will be 
sufficient in most applications. The communication 
procedures are mainly processed between the 
communication controllers and not between the 
processors; therefore, the dynamic load of the 
CPU and the software expense is largely reduced. 


The CPU is informed about the status of the procedure 
and has mainly to manage the receive and transmit data. 
In order to maintain cost effectiveness and flexibility, 
such functions. as link setup/disconnection and error re- 
covery in case of protocol errors (U-frames of HDLC pro- 
tocols) are not implemented in hardware and must be 
done by user’s software. 


@ Telecom-specific features. 


In a special operating mode, the HSCX can trans- 
mit or receive data packets in one of up to 64 time 
slots of programmable width (clock mode 5). Fur- 
thermore, the HSCX can transmit or receive vari- 
able data portions within a defined window of one 
or more clock cycles, which has to be selected by 
an external strobe signal (clock mode 1). These 
features make the HSCX especially suitable for all 
applications using time division multiplex methods 
such as time slot oriented PCM systems, systems 
designed for packet switching, or in ISDN 
applications. 


@ FIFO buffers for efficient transfer of data packets. 


The FIFO buffers used for the temporary storage 
of data packets transferred between the serial 
communications interface and the parallel system 
bus are another feature of the HSCX. Also be- 
cause of the overlapping input/output operation 
(dual-port behavior), the maximum message 
length is not limited by the size of the buffer. To- 
gether with the DMA capability, the dynamic load 
of the CPU is drastically reduced by transferring 
the data packets block by block via direct memory 
access. The CPU only has to initiate the data 
transmission by the HSCX and determine the 
status in case of completely received frames but is 
not involved in data transfers. 


Operating Nodes 


The HDLC controller of each channel can be pro- 
grammed to operate in various modes, which are differ- 
ent in the treatment of the HDLC frame in receive direc- 
tion. Thus, the receive data flow and the address 
recognition features can be effected in a very flexible 
way, which satisfies almost every requirement. There 
are six different operating modes which can be set by the 
mode register. 


Auto Mode (MODE: MDS1, MDSO = 00) — Characteris- 
tics: window size 1, random message length, address 
recognition. 
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Figure 4. Link Configurations 
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Figure 5. Procedurai Support In Auto Mode 


The HSCX processes autonomously all numbered 
frames (S-, I-frames) of an HDLC procedure. The HDLC 
control field, data in the I-field of the frames, and an addi- 
tional status byte is temporarily stored in the RFIFO. The 
HDLC control field as well as additional information can 
also be read from special registers (RHCR, RSTA). 


According to the selected address mode, the HSCX can 
perform a 2-byte or 1-byte address recognition. lf a 
2-byte address field is selected, the high address byte is 
compared with the fixed value FEH or FCH (group ad- 
dress) as well as with two individually programmabie val- 
ues in RAH1 and RAH2 registers. According to the ISDN 
LAPD protocol, bit 1 of the high byte address will be inter- 
preted as command/response bit (C/R), depending on 
the setting of the CRI bit in RAH1, and will be excluded 
from the address comparison. 


Similarly, two compare values can be programmed in 
special registers (RAL1, RAL2) for the low address byte. 
A valid address will be recognized in case the high and 
low byte of the address field correspond to one of the 
compare values. The HSCX can be called (addressed) 
with six different address combinations; however, only 
the logical connection identified through the address 
combination RAH1, RAL1 will be processed in the auto 
mode. All others will be processed in the non-auto mode. 
HDLC frames with address fields that do not match with 
any of the address combinations are ignored by the 
HSCX. 


incase of a 1-byte address, RAL1 and RAL2 will be used 
as compare registers. According to the X.25 LAPB proto- 
col, the value in RAL1 will be interpreted as command 
and the value in RAL2 as response. 


Non-Auto Mode (MODE: MDS1, MDSO = 01}—Charac- 
teristics: address recognition, random window size. 
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All frames with valid addresses (address recognition 
identical to auto mode) are forwarded directly to the sys- 
tem memory. The HDLC control field, data in the I-field 
and an additional status byte are temporarily stored in 
the RFIFO. The HDLC control field and additional infor- 
mation can also be read from special registers (RHCR, 
RSTA). In non-auto mode, all frames are treated 
similarly. 


Transparent Mode 1 (MODE: MDS1, MDSO, 
ADM = 101)—Characteristics: address recognition high 
byte. 


Only the high byte of a 2-byte address field will be com- 
pared. The whole frame except the first address byte will 
be stored in RFIFO. RAL1 contains the second and 
RHCR the third byte following the opening flag. 


Transparent Mode 0 (Mode: MDS1, MDSO, 
ADM = 100)—Characteristics: no address recognition. 


No address recognition is performed and each frame will 
be stored in the RFIFO. RAL 1 contains the first and 
RHCR the second byte following the opening flag. 


Extended Transparent Modes 0, 1 (Mode: MDS1, 
MDSC = 11)—Characteristics: fully transparent. 


In extended transparent modes, fully transparent data 
transmission/reception without HDLC framing is per- 
formed; that is, without flag generation/recognition, CRC 
generation/check, bit-stuffing mechanism. This allows 
user-specific protocol variations or the usage of charac- 
ter oriented protocols (such as IBM BISYNC). 


Data transmission is always performed out of the XFIFO. 
In extended transparent mode 0 (ADM = 0), data recep- 
tion is done by the RAL1 register, which always contains 
the actual data byte assembled at the RxD pin. In ex- 
tended transparent mode 1 (ADM = 1), the receive data 
is additionally shifted into the RFIFO. 
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SYSTEM INTEGRATION 


General Aspects 


Figure 6 gives a general overview of the system integration of HSCX. 
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Figure 6. General Integration of HSCX 


The HSCX’s bus interface consists of an 8-bit bidirec- 
tional data bus (D0—-D7), seven address line inputs 
(A0-A6), three control inputs (RD / DS, WR/ R/W,CS), 
one interrupt request output (INT) and a 4-channel DMA 
interface (DRQTA, DRQRA, DACKA, DRQTB, DRQRB, 
DACKB). Mode input pins (strapping options) allow the 
bus interface to be configured for either an AMD/ 
Siemens/Intel, or Motorola environment. 


Generally, there are two types of transfers occurring on 
the system bus: 


= Command/Status transfers, which are always con- 
trolled by the CPU. The CPU sets the operation 
mode (initialization), controls function sequences 
and gets status information by writing or reading 
the HSCX’s registers (using CS, WR, or RD, and 
register address using A0—A6). 


™@ Data Transfers, which are effectively performed by 
DMA without CPU interaction using the HSCX 
DMA interface (DMA Mode). Optionally, interrupt 
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controlled data transfer can be done by the CPU 
(Interrupt Mode). 


Specific Applications 
HSCX with Am8051 Microcontroller 


For cost-sensitive applications, the HSCX can be inter- 
faced with an Am8051 microcontroller system (without 
DMA support) very easily as shown in Figure 7. 


Although the HSCX provides a demultiplexed bus inter- 
face, it optionally can be connected directly to the local 
multiplexed bus of Am8051 because of the internal ad- 
dress latch function (using ALE, compatible to Am82520 
HSCC). 


The address lines AO—A6 must be wired externally to the 
data lines DO-D6 (direct connection) in this case. 


Intel Bus Mode is selected connecting IM1 pin to LOW 
(GROUND). Since data transfer is controlled by inter- 
rupt, the DMA acknowledge inputs (DACKA, DACKB) 
are connected to Vpp (+5 V). 
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Figure 7. HSCX with Am8051 Microcontroller 


HSCX with an Am80188 Microprocessor 


A system with minimized additional hardware expense 
can be built up with an Am80188 microprocessor as 
shown in Figure 8. 


The HSCX is connected to the demultiplexed system 
bus. Data transfer for one serial channel can be done by 
the 2-channel on-chip DMA controller of the Am80188; 
the other channel is serviced by interrupt. Since the 
Am80188 does not provide DMA acknowledge outputs, 
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data transfer from/to HSCX is controlled with CS, RD, or 
WR address information (AO-A6), and the DACKA, 
DACKB inputs are not used. 


> This solution supports applications with a high speed 


data rate in one serial channel with minimum hardware 
expense making use of the on-chip peripheral functions 
of the Am80188 (chip select logic, interrupt controller, 
DMA controller). 
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OPERATIONAL DESCRIPTION 
Reset 


The HSCX is forced into, the reset state if a high signal is 
input to the RES pin for a minimum period of 1.8 ys. Dur- 
ing RESET, the HSCX is temporarily in the power-up 


mode, and a subset of the registers is initialized with 
defined values. 


After RESET, the HSCX is in power-down mode, and the 
following registers contain defined values: 


Serial port configuration: pt-pt, NRZ coding, transmit data pins are open 


-—CTS and RTS interrupts disabled 


RTS output controlled by HSCX, timer resolution: k = 32.768, no testloop 


— interrupt controlled data transfer 


Register Reset Value Meaning 
CCR1 00 H — power down mode 
drain outputs 
' ~—clock mode 0 
CCR2 00 
RTS pin normal function 
MODE 00H no data inversion 
auto-mode 
1 byte address field 
external timer mode 
—receivers inactive 
48H 
XFIFO write enable 
receive line inactive 
00H no commands executing 
00H —no interrupts masked 
00 H no commands 
(DMA disabled) 
00 H 


—full-duplex LAPB/LAPD operation of LAP controller 


—carrier detect auto start of receiver disabled 


1-bit timeslots 


Operational Phase 


After having performed the initialization, the CPU 
switches each individual channel of the HSCX into op- 
erational phase by setting the PU bit in the CCR1 register 
(power-up, if not already done during initialization). 


Initially, the CPU should bring the transmitter and 
receiver to a defined state by issuing an XRES (transmit- 
ter reset) and RHR (receiver reset) command from the 
CMDR register. If data reception should be performed, 
the receivers must be activated by setting the RAC bit in 
Mode to 1. 


If no “Clear to send” function is provided with a modem, 
the CTS pins of the HSCX must be connected directly to 
ground in order to enable data transmission. 
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Now the HSC xX is ready to transmit and receive data. The 
control of the data transfer phase is done mainly by com- 
mands from CPU to HSCX via the CMDR register and by 
interrupt indications from HSCX to CPU. 


Additional status information, which does not trigger an 
interrupt, is available in the STAR register. A complete 
description of every register is provided in the following 
paragraph. Additionally, the address of the respective 
registers is noted in the form: (ADDR Channel A/ADDR 
Channel B). 
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DETAILED REGISTER DESCRIPTION 


ADDRESS 

(AO—A6) 

Channel REGISTER 
A B Read Write 
00 40 
e e RIFO XFIFO 
e e 
1F 5F 
20 60 ISTA MASK 
21 61 STAR CMDR 
22 62 MODE 
23 63 TIMR 
24 64 EXIR XAD1 
25 65 RBCL XAD2 
26 66 — RAH1 
27 67 RSTA RAH2 
28 68 RAL1 
29 69 RHCR RAL2 
2A 6A — XBCL 
2B 6B — BGR 
2c 6C CCR2 
2D 6D RBCH XBCH 
2E 6E VSTR RLCR 
2F 6F CCR1 
30 70 — TSAX 
31 71 — TSAR 
32 72 — XCCR 
33 73 — RCCR 


Comment Meaning 


Receive/Transmit FIFO 


Interrupt STAtus/MASK 

STAtus/CoMmanD 

MODE 

TiMeR 

EXtended Interrupt/Transmit ADdress 1 
Receive Byte Count Low/Transmit ADdress 2 
Receive Address HIGH 1 

Receive STAtus/Receive Address HIGH 2 
Receive Address LOW 1 

Receive HDLC Control/Receive Address LOW 2 
Transmit Byte Count LOW 

Baud Rate Generator Register 

Channel Configuration Register 2 
Receive/Transmit Byte Count HIGH 

Version STAtus/Receive Frame Length Check 
Channel Configuration Register 1 

Time Slot Assignment Transmit 

Time Slot Assignment Receive 

Transmit Channel Capacity 

Receive Channel Capacity 


11139-009B 


Figure 9. Layout of Register Addresses 
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REGISTER DEFINITIONS 

Receive FIFO (Read) RFIFO 

(00...1F/40...5F) 

M interrupt Controlled Data Transfer (Interrupt 
Mode). Selected if DMA bit in XBCH is reset. Up to 


32 bytes of receive data can be read from the 
RFIFO following an RPF or an RME interrupt. 


RPF Interrupt: Exactly 32 bytes to be read. 


RME Interrupt: Number of bytes to be determined 
by reading the RBCL, RBCH registers. 


= DMA Controlled Data Transfer (DMA Mode). Se- 
lected if DMA bit in XBCH is set. 


If the RFIFO contains 32 bytes, the HSCX autono-_ 


mously requests a block data transfer by DMA ac- 
tivating the DRQR line as long as the start of the 
32nd read cycle. This forces the DMA controller to 
continuously perform bus cycles until 32 bytes are 
transferred from the HSCX to the system memory 
(level triggered, demand transfer mode of DMA 
controller). 


If the RFIFO contains less than 32 bytes (one 
short frame or the last part of a long frame) the 


HSCX requests a block data transfer depending on 


the contents of the RFIFO according to the follow- 
ing table: 


RFIFO DMA 

Contents Request 

(Bytes) (Actual Bytes Transferred) 
(1) 2,3 4 

4-7 8 

8-15 6 

16-32 32 


Additionally, an RME interrupt is issued after the 
last byte has been transferred. 


As a result, the DMA controller may transfer more 
bytes as actually valid in the current received 
frame. The valid byte count must therefore be de- 
termined reading the RBCH, RBCL registers fol- 
lowing the RME interrupt. 
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Transmit FIFO (WRITE) XFIFO 


— (00...1F/40...5F) 


@ interrupt Mode. Selected if DMA bit in XBCH is re- 
set. | 


Up to 32 bytes of transmit data can be written to 
the XFIFO following an XPR interrupt. 


™ DMA Mode. Selected if DMA bit in XBCH is set. 


Prior to any data transfer, the actual byte count of 
the frame to be transmitted must be written to the 
XBCH, XBCL registers by the user. 


If data transfer is then initiated via the CMDR 
register (command XTF or XIF), the HSCX 
autonomously requests the correct amount of 
block data transfers (n - 32 + REST, n=0,1,...). 


Note: Addresses within the address space of the FIFOs are in- 
terpreted equally; that is, the actual data byte can be 
accessed with any address within the valid scope. 
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Interrupt Status Register (READ)—Value after RESET: 00H 


ISTA 





7 0 





Receive Message End (RME)—one message up to 32 
bytes or the last part of a message greater than 32 bytes 
has been received and is now available in the RFIFO. 
The message is complete. 


The actual message length can be determined reading 
the RBCH, RBCL registers. Additional information is 
available in the RSTA register. 


Receive Pool Full (RPF)—a block of 32 bytes of a mes- 
sage is stored in the RFIFO. The message is not yet 
complete. 


Note: This interrupt is generated only in Interrupt mode. 


Receive Status Change (RSC) significant in auto 
mode only—a status change (receiver ready/receiver 
not ready) of the opposite station has been detected in 
auto mode; that is, the HSCX has received an RR/RNR 
supervisory frame according to the HDLC protocol. The 
current status can be read from the STAR register 
(RRNR bit). 


Transmit Pool Ready (XPR)—a data block of up to 32 
bytes can be written to the transmit FIFO. 


Timer Interrupt (TIN)—the internal timer and repeat 
counter has expired. (See also description of TIMR reg- 
ister.) 


Interrupt of Channel A (ICA) Channel B only— indi- 
cates that an interrupt is caused by Channel A and the 
interrupt source is indicated in the ISTA register of 
Channel A; that is, at least one bit of the ISTA register of 
Channel A is set. 


Extended Interrupt of Channel A (EXA) Channel B 
only—an interrupt is caused by Channel A and the 
source is indicated in the EXIR register of Channel A. 


Extended Interrupt of Channel B (EXB) Channel B 
only—an interrupt is caused by Channel B and the 
source is indicated in the EXIR register of Channel B. 


Note: The ICA, EXA, and EXB bits are present in Channel B 
only and point to the ISTA (Channel A), EXIR (Channel 
A), and EXIR (Channel B) registers. 


After the HSCX has requested an interrupt by asserting 
its INT pin LOW, the CPU must first read the ISTA regis- 
ter of Channel B and check the state of these bits in order 
to determine which interrupt source of which channel has 
caused the interrupt. More than one interrupt source may 
be indicated by a single interrupt request. 


After the respective register has been read, EXA, and 
EXB are reset. All other bits will be reset after reading 
ISTA. To prevent malfunctions, each bit is individually 
monitored and reset. 


Mask Register (WRITE)—Value after RESET: 00H (all interrupts enabled) 


MASK 





jee | mer | nse] xen | mm | a | ox | oe 


(20/60) 


Each interrupt source can be selectively masked by set- Note: In the event of an extended interrupt, no interrupt re- 
ting the respective bit in the Mask (bit positions corre- quest will be generated with a masked EXA, EXB bit, 
sponding to ISTA register). Masked interrupts are not in- although this bit is set in ISTA. 
dicated when reading ISTA. Instead, they remain 
internally stored and will be indicated after the respective 
Mask bit is reset. 
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Extended Interrupt Register (READ)—Value after RESET: 00H 


7 0 
(24/64) 
EXIR XMR OE PCE | RFO| CSC] RFS 





Transmit Message Repeat (XMR)—the transmission of 
the last message has to be repeated because: 


™ the HSCX has received a negative acknowledg 
ment in auto mode, or 


® acollision has occurred after sending the 32nd 
data byte of a message in a bus configuration, or 


= CTS (transmission enable) was withdrawn after 
sending the 32nd data byte of a message in a 
point-to-point configuration. 


Transmit Data Underrun/Extended Transmission 
End (XDU/EXE) — the actual frame has been aborted 
with Idle, because the XFIFO holds no further data, but 
the frame is not yet complete. In extended transparent 
mode, this bit indicates the transmission-end condition. 
Note: It is not possible to send transparent- or I-frames when 
an XMR or XDU interrupt is indicated. 


Protocol Error (PCE) significant in auto mode only— 
the HSCX has detected a protocol error; that is, it has 
received: 


@ an S-, or |-frame with incorrect N (R) 


@ an S-frame containing an I-field 


Receive Frame Overflow (RFO)—one frame could not 
be stored due to occupied RFIFO; that is, a whole frame 
has been lost. This interrupt can be used for statistical 
purposes and indicates that the CPU does not respond 
quickly enough to an incoming RPF or RME interrupt. 


Clear To Send Status Change (CSC)—indicates that a 
state transition has occurred at the CTS pin. The actual 
state can be read from STAR register (CTS bit). 


This interrupt must be enabled setting the CIE bit in 
CCR2. 


Receive Frame Start (RFS)—this is an early receiver in- 
terrupt activated after the start of a valid frame has been 
detected; that is, after a valid address check in operation 
mode providing address recognition, otherwise after the 
opening flag (transparent mode 0), delayed by two bytes. 


After an RFS interrupt, the contents of the following are 
valid and can be read by the CPU. 


@ RHCR 
= RAL1 
= RSTA—bit 3-0 


This interrupt must be enabled setting the RIE bit in 
CCR2. 
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Status Register (READ)—value after RESET: 48H 


0 


STAR 





Transmit Data Overflow (XDOV)—more than 32 bytes 
have been written to the XFIFO. 


Transmit FIFO Write Enable (XFW)—data can be 
written to the XFIFO. 


Transmit RNR (XRNR) significant in auto mode only 
— indicates the status of the HSCX. 


0—receiver ready 
1—receiver not ready 


Received RNR (RRNR) significant In auto mode only 
— indicates the status of the remote station. 


O—receiver ready 
1— receiver not ready 


Receive Line Inactive (RLI)— Neither flags as inter- 
frame time fill nor frames are received via the receive 
line. 
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(21/61) 


Note: Significant only in point-to-point configurations. 


Command Executing (CEC) 


0—no command is currently executed; the CMDR 
register can be written to. 


1—a command (written previously to CMDR) is 
currently executed, no further command can be 
temporarily written via CMDR register. 


Clear To Send State (CTS)—f the CIE bit in CCR2 is 
set, this bit indicates the state of the CTS pin. 


0—CTS is inactive (HIGH signal at CTS) 
1—CTS is active (LOW signal at CTS) 
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Command Register (WRITE)—Value after RESET: 00H. 





CMDR 





Recelve Message Complete (RMC)—confirmation 
from CPU to HSCX that the actual frame or data block 
has been fetched following an RPF or RME interrupt, 
thus the occupied space in the RFIFO can be released. 
Note: In DMA mode, this command is issued only once after 
an RME interrupt. The HSCX does not generate further 
DMA requests prior to the reception of this command. 


Reset HDLC Receiver (RHR) all data in the RFIFO and 
the HDLC receiver is deleted. 


In auto mode, the transmit and receive sequence num- 
ber counters additionally are reset. 


Receiver Not Ready/Transmission Repeat (RNR/ 
XREP)—the function of this command depends on the 
selected operation mode (MDS1, MDSO, ADM bit in 
Mode): 


™@ Auto mode: RNR 


The status of the HSCX receiver is set. Determines 
whether a received frame is acknowledged via an RR or 
RNR supervisory frame in auto mode. 


0— receiver ready (RR) 
1— receiver not ready (RNR) 
™ Extended Transparent mode 0,1: XREP 


Together with XTF and XME set (write 2AH to CMDR), 
the HSCX repeatedly transmits the contents of the 
XFIFO (1...32 bytes) without HDLC framing fully trans- 
parent, that is, without Flag, CRC insertion or Bit Stuffing. 


0 
RNR 
EE XREP sn | ar |r | se ona 


(21/61) 


Transmit Transparent Frame (XTF) 
= Interrupt mode 


After having written up to 32 bytes to the XFIFO, this 
command initiates the transmission of a transparent 
frame. An opening flag sequence is automatically added 
to the data by the HSCX. 


= DMA mode 


After having written the length of the frame to be trans- 
mitted to the XBCH, XBCL registers, this command initi- 
ates the data transfer from system memory to HSCX by 
DMA. Serial data transmission starts as soon as 32 bytes 
are stored in the XFIFO. 


Transmit |-Frame (XIF) used in auto mode only—initi- 
ates the transmission of an I-frame in auto mode. In addi- 
tion to the opening flag sequence, the address and con- 
trol field of the frame are automatically added by HSCX. 


Transmit Message End (XME) used in interrupt mode 
only—indicates that the data block written last to the 
transmit FIFO completes the actual frame. The HSCX 
can terminate the transmission operation properly by 
appending the CRC and the closing flag sequence to the 
data. 


In DMA mode, the end of the frame is determined by the 
transmit byte count in XBCH, XBCL. 


Transmit Reset (XRES)}—the contents of the XFIFO are 
deleted and Idle is transmitted. This command can be 
used by the CPU to abort a frame currently in 
transmission. 


; Soe ts ; Note: The maximum time between writing to the CMDR reg- 
The cyclic transmission is stopped with an XRES com- ister and the execution of the command is 2,5 clock cy- 
mand. cles. Therefore, if the CPU operates with a very high 
Start Timer (STI)—the internal timer is started. clock in comparison with the HSCX’s clock, it's recom- 
mended that the CEC bit of the STAR register be 
Note: The timer is stopped by rewriting the TIMR register after checked before writing to the CMDR register to avoid 
start. any loss of commands. 
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Mode Register (READ/WRITE)—Value after RESET: 00H 


7 0 
(22/62) 
MODE TMo | RAC| RTS | TRS] TLR 


Mode Select (MDS1, MDS0)}—the operating mode of 
the HDLC controller is selected. 


00 — auto mode 

01—non-auto mode 

10 — transparent mode 

11— extended transparent mode 


Address Mode (ADM)—the meaning of this bit varies 
depending on the selected operating mode: 


™ Auto mode, non-auto mode 
Defines the length of the HDLC address field. 
0—8-bit address field 
1— 16-bit address field 


Intransparent modes, this bit differentiates between two 
sub-modes: 


= Transparent mode 
0 —transparent mode 0; no address recognition. 


1— transparent mode 1; high byte address 
recognition. 


m™ Extended transparent mode; without HDLC 
framing. 


0—extended transparent mode 0 


1—extended transparent mode 1 


Note: In extended transparent modes, the RAC bit must be 


reset to enable fully transparent reception. 


Timer Mode (TMD)—the operation mode of the internal 
timer is set. 


0—external mode 


The timer is controlled by the CPU and can be started at 
any time setting the STI bit in CMDR. 


1—internal mode 


The timer is used internally by the HSCX for timeout and 
retry conditions in auto mode (refer to the description of 
the TIMR register). 


Receiver Active (RAC)—switches the receiver to op- 
erational or inoperational state. 


0—receiver inactive 
1—receiver active 


In extended transparent modes this bit must be reset to 
enable fully transparent reception. 


Request To Send (RTS)—defines the state and control 
of the RTS pin. 


0—The RTS pin is controlled by the HSCX 
autonomously. 


RTSis activated when a frame transmission starts and is 
deactivated after the transmission operation is complete. 


1—The RTS pin is controlled by the CPU. 


If this bit is set, the RTS pin is activated immediately and 
remains active until this bit is reset. 


Timer Resolution (TRS) the resolution of the internal 
timer (factor k, see description of TIMR register) is 
selected. 


0—k=32.768 
1—k=512 


Testioop (TLP)—input and output of the HDLC chan- 
nels are internally connected. (transmitter channel A 
—receiver channel Afransmitter channel B—receiver 
channel B). 
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Timer Register (READ/WRITE) 


7 5 


TIMR CNT 


VALUE— Sets the time period t1 as follows: 
t1=k-(VALUE+1) - TCP 


where k is the timer resolution factor which is either 
32.768 or 512 clock cycles depending on the program- 
ming of TRS bit in Mode. 


~—TCP is the clock period of transmit data. 


Interpreted differently depending on the selected 
timer mode (CNT) Bit TMD in MODE. 


= Internal timer mode (MODE.TMD = 1) 
~ Retry Counter (in HDLC known as N2) 


CNT indicates the number of S-commands (maximum 
six) which are transmitted autonomously by the HSCC 


Transmit Address Byte 1 (WRITE) 


7 


4 0 


(23/63) 
VALUE 


after expiration of time period t1, incase an I-frame is not 
acknowledged by the opposite station. 


if CTN is set to 7, the number of S-commands is unlim- 
ited. 


@ External timer mode (MODE, TMD = 0) 


CNT plus Value indicates the time period t2 after whicha 
timer interrupt will be generated. The time period t2 is 


t2 =32-k-CIN- TCP +t1 


lf CTN is set to 7, a timer interrupt is periodically gener- 
ated after the expiration of t1. 


0 
XAD1 2-byte address XAD1 (high byte) | 0 | (0) | (24/64) 


1-byte address 


XAD1 (and XAD2) can be programmed with one individ- 
ual address byte which is appended automatically to the 
frame by HSCX in auto mode. The function depends on 
the selected address mode (bit ADM in Mode). 


2-byte address field (MODE.ADM = 1) 


XAD1 builds up the high byte of the 2-byte address field. 
Bit 1 must be set to 0. According to the ISDN LAPD proto- 
col, bit 1 is interpreted as the C/R (Command/Response) 
bit. This bit is manipulated automatically by the HSCX 
depending on the setting of the CRI bit in RAH1: 
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XAD1 (COMMAND) 


4R Meaning bit 1 (C/R) 

Commands transmit 1 0 

Responses transmit 0 1 
CRI = 1 CRi=1 


(In the ISDN, the high address byte is known as SAPI.) 


In accordance with the HDLC protocol, bit 0 should be 
set to 0, indicating the extension of the address field to 
two bytes. 


1-byte address field (MODE.ADM = 0) 


In accordance with the X.25 LAPB protocol, XAD1 indi- 
cates a command. 
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Transmit Address Byte 2 (WRITE) 


XAD 2-byte address XAD2 (low byte) 


e 


1-byte address XAD2 (response) 


Second individually programmable address byte. In accordance with the X.25 LAPB protocol, XAD2 indi- 
2-byte address (MODE.ADM = 1) cates a response. 


XAD2 builds up the low byte of the 2-byte address field. | Note: XAD1, XAD2 registers are used only if the HSCX is op- 
(In the ISDN, the low address byte is known as TEI.) erated in auto mode. 


1-byte address (MODE.ADM = 0) 


Receive Byte Count LOW (READ) 


7 0 


(25/65) 
RBCL RBC7 RBCO 


Together with RBCH (bits RBC11—RBC8), the length of § mined. These registers must be read by the CPU follow- 
the actual received frame (1...4095 bytes) canbe deter- —_ ing an RME interrupt. 


Receive Address Byte High Register 1 (WRITE) 


7 0 


In operating modes that provide high byte address 

recognition, the high byte of the received address is 
compared with the individual programmable values C/R Meaning (C/R) Value 
in RAH1 or RAH2. 





Commands Received 0 1 
RAH1—Value of the first Individual high address Responses Received , 0 
byte 
CRI =1 CRI =1 


CRi—Command/Response Interpretation 
The setting of the CRI bit affects the meaning of the C/R 


bit in RSTA as follows: Important: I the 1-byte address field is selected in auto mode, 
RAH1 must be set to OOH. 
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Receive Address Byte High Register 2 (WRITE) 


7 


RAH2 


RAH2 — Value of second individual programmable 
high address byte. 


MCS —Modulo Count Select, valid in auto mode 
only. 


The MCS bit adjusts the control field format according to 
the HDLC (ISDN/LAPD). 


0—basic operation (modulo 8) 


Receive Status Register (READ) 


0 


(27/67) 
MCS 


1 -—extended operation (modulo 128) 


Note: When modulo 128 is selected, in auto mode the “RHCR” 
register contains compressed information of the ex- 
tended control field (see RHCR, register description). 
RAH1, RAH2 registers are used in auto and non-auto 
operating modes when a 2-byte address field has been 
selected (MODE.ADM=1) and in the transparent 
mode 0. 


7 0 
(27/67) 
RSTA VFR | RDC| CRC] RAB| HAt CR | LA 


VFR—Valid Frame—determines whether a valid frame 
has been received. 


1. Valid 
0. Invalid 
An invalid frame is either 


—a frame which is not an integer number of 8 bits 
(n - 8 bits) in length (e.g., 25 bit), or 


~a frame which is too short depending on the selected 
operation mode via MODE (MDS1, MDSO, ADM) 
as follows: 


@ auto-/non-auto mode (16-bit address): 4 bytes 
H@ auto-/non-auto mode (8-bit address): 3 bytes 
@ transparent mode 1:3 bytes 


@ transparent mode 0: 2 bytes 


Note: Shorter frames are not reported. 


Recelve Data Overflow (RDO)—a data overflow has 
occurred within the actual frame. 


CRC Compare/Check (CRC) 
0—CRC check failed; received frame contains errors. 
1—CRC check okay; received frame is error-free. 


Receive Message Aborted (RAB)—the received frame 
was aborted from the transmitting station. 


According to the HDLC protocol, this frame must be 
discarded by the CPU. 


High Byte Address Compare (HA1, HAQ), significant 
only If 2-hyte address mode has been selected—in 
operating modes that provide high byte address recogni- 
tion, the HSCX compares the high byte of a 2-byte ad- 
dress with the contents of two individual programmable 
registers (RAH1, RAH2) and the fixed values FEH and 
FCH (group address). 


Depending on the result of this comparison, the following 
bit combinations are possible: 


10— RAH1 has been recognized 
00—RAH2 has been recognized 
01—group address has been recognized 
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Note: If RAH1, RAH2 contain the identical values, the combi- 
nation 00 will be omitted. 


Command/Response (C/R), significant only if 2-byte 
address mode has been selected—value of the C/R bit 
(bit of high address byte) in the received frame. The inter- 
pretation depends on the setting of the CRI bit in the 
RAH1 register. Refer also to the description of RAH1 
register. 


Low Byte Address Compare (LA), not significant in 
transparent and extended transparent operating 
mode —the low byte address of a 2-byte address field, 
or the single address byte of a 1-byte address field is 


compared with two individual programmable registers 
(RAL1, RAL2). 


0—RAL2 has been recognized 
1—RAL1 has been recognized 


According to the X.25 LAPB protocol, RAL1 is inter- 
preted as Command and RAL2 is interpreted as 
Response. 


Note: RSTA corresponds to the last received HDLC frame; it is 
duplicated into RFIFO for every frame (last byte of 
frame). 


Receive Address Byte Low Register 1 (READ/WRITE) 


7 


0 


RAL1 RAL1 coe) 


The general function (READ/WRITE) and the meaning 
or contents of this register depend on the selected oper- 
ating mode: 


—auto-/non-auto mode (16-bit address) —WRITE: 


RAL1 can be programmed with the value of the first indi- 
vidual low address byte. 


— auto-/non-auto mode (8-bit address)—WRITE: 


According to X.25 LAPB protocol, the address in RAL1 is 
recognized as command address. 


—transparent mode 1 (high byte address recognition) 
—READ: 


RAL1 contains the byte following the high byte of the ad- 
dress in the receive frame (that is, the second byte after 
the opening flag). 


Receive HDLC Control Register (READ) 


7 


—transparent mode 0 (no address recognition)— 
READ: 


RAL1 contains the first byte after the opening flag (first 
byte of received frame). 


— extended transparent modes 0,1—READ: 


RAL41 contains the actual data byte currently assembled 
at the RxD pin, by passing the HDLC receiver (fully trans- 
parent reception without HDLC framing). 


Receive Address Byte Low Register 2 (WRITE) 


Value of the second individual programmable low ad- 
dress byte. If a one-byte address field is selected, RAL2 
is recognized as Response according to X.25 LAPB 
protocol. 


0 


RHCR RHCR (26/69) 


Value of the HDLC control field of the last received 
frame. 
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Note: RHCR is duplicated into RFIFO for every frame. 
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Transmit Byte Count Low (WRITE) 


7 0 


XBCL XBC7 xBco|  (2A/6A) 


Together with XBCH (bits XBC11—XBC8) this registeris | HSCXto request the correct amount of DMA cycles after 
used in DMA mode only to program the length (1-4095 = an XTF or XIF command via CMDR. 
bytes) of the next frame to be transmitted. This allows the 


Baud Rate Generator Register (WRITE) 


7 0 
BGR BR7 BRO | (2B/6B) 


BR7~BRO— Baud Rate, bit 7-0 programmed value N in BR9-BRO (N = 0 — 1023), the 
ivision factor k It follows: 

Together with bits BR9, BRE of CCR2, the divisiontactor “IV!S!0N factor k results as follows 

of the baud rate generator is adjusted. Depending on the k=(N+1) 2 


Channel Configuration Register 2 (READ/WRITE)—Value after RESET: OOH. 


The meaning of the individual bits in CCR2 depends on 
the selected clock mode via CCR1 as follows: 


CCR2 clock mode 0, 1 _ecst| sesol o | o | o | ce | ne | owiecec) 


clock mode 2, 6 |pro | prs | por! tss| tio | ce | Ale | oWV 
clock mode 3, 4, 7 |BRo | Bre | BOF] o | Tio} ce | Re | ov 
clock mode 5 [csi] seso[ xcso]_resq_ Tio [ ce | Ae] OW 
BCS1, BCSO — Bus Control Signal Selection—valid |BR9, BR8—Baud Rate, Bit 9-8 (higher significant 
only in a bus configuration (selected via CCR1). bits, refer to description of BGR register). 


0X RtTSoutputis activated during the transmissionof a © BD—Baud Rate Division Factor 


Halnereee else medertegsler. 0—The division factor of the baud rate generator is set to 


10 RTS output is always HIGH (RTS disabled). 1 (constant). 
11 RTS indicates the reception of a data frame (active | 1—The division factor is adjusted with BR9-BRO bits of 
LOW). CCR2 and BRG register. 
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TSS—Transmit Clock Source Select 

0—The transmit clock is input to the TxCLKA/TxCLKB 
pins. 

1—The transmit clock is derived from the baud rate gen- 
erator output clock divided by 16. 

TIO—Transmit Clock Input Output Switch 

0— TxCLKA, TxCLKB pins are inputs 


1 — TxCLKA, TxCLKB pins are outputs 


CiE—Clear To Send Interrupt Enable—any state tran- 
sition at the CTS input pin may cause an interrupt which 
is indicated in the EXIR register (CSC bit). The actual 
state at the CTS pin can be determined reading the CTS 
bit of the STAR register. 


0—disable 
1— enable 


RliE—Recelve Frame Start Interrupt Enable—When 
set, the RFS interrupt (via EXIR) is enabled. 


DiV—Data Inversion—Valid only if NRZ data encoding 
is selected. Data is transmitted and received inverted. 


XCSO, RCSO—Transmit/Receive Clock Shift, Bit 
O—together with bits XCS2, XCS1 (RCS2, RCS1) in 
TSAX (TSAR) the clock shift relative to the frame 
synchronization signal of the transmit (receive) time slot 
can be adjusted. 


A clock shift of 0—7 bits is programmable (clock mode 5 
only). 


Transmit Byte Count High (WRITE)}—Value after RESET: 000xxxxx 


XBCH 





DMA—— DMA Mode—selects the data transfer mode of 
HSCX to System Memory. 


0 — Interrupt controlled data transfer (interrupt mode) 
1—DMaA controlled data transfer (DMA mode) 


NRM—Normal Response Mode—valid in auto mode 
only. Determines the function of the LAP Controller: 


0—full-duplex LAPB/LAPD operation 
1—half-duplex NRM operation 


CAS—Carrier Detect Auto Start—when set, a HIGH at 
the CD (AxCLK) pin enables the respective receiver, and 
data reception is started. 
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XC—Transmit Continuously—valid only if DMA mode 
is selected. 


If the XC bit is set, the HSCX continuously requests for 
transmit data ignoring the transmit byte count 
programmed via XBCX, XBCL. 


XBC11-XBC8—Transmit Byte Count (most signifi- 
cant bits)—valid only if DMA mode is selected. 


Together with XBCL (bits XBC7-BCO) the length of the 
frame to be transmitted is programmed. 
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Received Byte Count High (READ)—Value after RESET: 000xxxxx 





RBCH 


see XBCH 





DMA, NRM, CAS—these bits represent the read-back 
value programmed in XBCH (see XBCH). 


OV—Counter Overflow—more than 4095 bytes re- 
ceived. The received frame exceeded the byte count in 
RBC11...RBCO. 


Version Status Register (READ) 


7 


0 


3 
VNB 


(26/68) 


RBC11-RBC8&—Receive Byte Count (most signifi- 
cant bits) — together with RBCL (bits RBC7—RBCO) the 
length of the received frame can be determined. 


0 


(2E/6E) 
VSTR CD VNO 


CD—Carrier Detect—this bit represents the inverted 
state at the CD (AxCLK) pin. 


1—CD active (LOW) 
0—CD inactive (HIGH) 


Receive Length Check Register (WRITE) 


RLCR RC RL6 


RC—Receive Check (on/off) 
0—Receive length check feature disabled 
1—Receive length check feature enabled 


RL—Receive Length—the maximum receive length af- 
ter which data reception is suspended can be pro- 


VN3...VNO... Version Number of Chip 
0—Version A1 
2—Version A2 


0 


(2E/6E) 
RLO 


grammed here. Depending on the value RL programmed 
via RL6—RLO, the receive length is (RL + 1) - 32 bytes. 


A frame exceeding this length is treated as if it were 
aborted by the opposite station (RME Interrupt, RAB bit 
set). In this case, the receive byte count (RBCH, RBCL) 
is greater than the programmed receive length. 





2-212 


Am82525 


Channel Configuration Register 1 (READ/WRITE)—Value after RESET: 00H 


CCRI1 (2F/6F) 





7 
SCi1 SC2 ITF CM2 CM1 CMO 
OIN 


PU—Switches Between Power Up and PowerDown 1—Continuous flag sequences are output (“01111110” 





Mode bit patterns) 

O0—power down (standby) @ Bus configurations: OIN 

1—power up (active) In bus configurations, the ITF is implicitly set to “0”; 
SC1, SCO... Serial Port Configuration that is, continuous “1”s are transmitted, and data 


encoding is NRZ. 


00—NRZ data encodin 

9 When this bit is set, a “ONE” insertion (deletion) 
10—NRZI data encoding mechanism is activated, inserting a “1” after seven 
; Mae consecutive “0”s in the transmit data stream or de- 
01—bus configuration, timing mode 1 leting a “1” in the receive data stream. 
ii eve comiauration, timmhg mode's Similar to the HDLC’s bit-stuffing mechanism 
(inserting a “O” after five consecutive “1”s), this 


Note: If bus configuration is selected, only NRZ coding is sup- method proves to be advantageous when the 





ported. receive clock is recovered from the receive data 
ODS... Output Driver Select—defines the function of stream by means of DPLL, because it is guaran- 
the transmit data pins (TxDA, TxDB) teed that at least after seven bits a transition 
occurs in the receive data as in case of long “0” 
0—TxD pins are open drain outputs sequences. 
.1—TxD pins are push-pull outputs CM2, CM1, CMO—Clock Mode—selects one of the 


ITF/OIN—Interframe Time Fill/One Insertion—the eight different clock modes: 
function of this bit depends on the selected serial port 


configuration (bit SC1): oa ae 
ciocK mode 
H Point-to-point configurations: ITF 


Determines the idle (= no data to send) state of the 


transmit data pins (TxDA, TxDB) a. clock mode 7 


0 — Continuous idle sequences are output (TxD pins re- 
main in the “1” state) 


g 
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Time Slot Assignment Register Transmit (WRITE) 


7 2 1 0 
This register is used only in clock mode 5. XCS2, XCS1—Transmit Clock Shift, Bit 2—1—1o- 


TSNX—Time Slot Number Transmit—selects one of eee aa meh we vanemicoeent 
up to 64 possible time slots (OQOH-3FH) in which data is 

transmitted. The number of bits per time slot can be 

programmed via XCCR. 


Time Slot Assignment Register Receive (WRITE) 





7 0 
TSAR TSNR RCS2 (31/71) 
This register is used only in clock mode RCS2, RCS1i—Receive Clock Shift, Bit 2-1—together 
with bit RCSO in CCR2, the receive clock shift can 


TSNR—Time Slot Number Receive—defines one of up 
to 64 possible time slots (OOH—3FH) in which data is re- 
ceived. The number of bits per time slot can be 
programmed via RCCR. 


be adjusted. 


Transmit Channel Capacity Register (WRITE)—Value after RESET: 00H 


7 0 


& 
XCCR | XBC7 XBCO | (32/72) 


XBC7-XBCO—Transmit Bit Count, Bit 7-O—defines Number of bits = XBC +1 (1—256 bits/time slot) 
the number of bits to be transmitted with a time slot: 
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Receive Channel Capacity Register (WRITE)—Value after RESET: 00H 


7 0 
RCCR RBC7 RBCO (33/73) 


RBC7—RBCO—Receive Bit Count, Bit 7-O—defines | Number of bits = RBC + 1 (1-256 bits/time slot) 
the number of bits to be received within a time slot: 
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ABSOLUTE MAXIMUM RATINGS 


Ambient temperature under bias ..... —55 to +125°C 
Voltage on any pin with 
respect to ground .......... —0.25 to Von +0.25 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
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OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (Ta) ......... 0 to +70°C 
Supply Voltage (Vcc) ......... +4.75 to +5.25 V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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DC CHARACTERISTICS 
Ta=0 to +70°C; Voo=5 V+5%, Vss=0 V. 


Table 1. DC Characteristics 












Limit Values 
Symbol Parameter Min. Max. Unit Test Condition 
Vir Input low voltage —0.4 0.8 
Vin Input high voltage 2.0 Voc + 0.4 


Vor Output low voltage 
Vou Output high voltage 2.4 
Vou Output high voltage 


lu 
ne 10 pa 
lio Output leakage current 
CAPACITANCES 


Ta = 25°C, Voo=5Vt5%, Vss=0 V. 










lot = 2 mA 


lon = 400 pA 


lou = ~100 pA 


Voo = 5 V 
inputs at 0 V/Vpp, 
no output loads 


0V < Vw < Vpn to0 V 


0 V < Vour < Vppto 0 V 


Table 2. Capacitances 


Limit Values. 
Symbol Parameter Type Max Unit 
Cr Input capacitance 5 10 pF 
Cour Output capacitance 10 20 pF 
Cro VO 8 15 pF 
Am82525 


Test Condition 
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SWITCHING CHARACTERISTICS 
Ta = 0 to +70°C, Von = 5 V t5%. 
Inputs are driven to 2.4 V foralogical“1”andto0.4Vfora |The AC testing input/output waveforms are shown 


logical ‘0’. Timing measurements are made at2.0Vfora below. 
logical “1” and at 0.8 V for a logical “0”. 








—e, —_—— 





Test Points 


11139-010B 


Figure 10. Input/Output Waveform for AC Tests 
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11139-011B 
Figure 11. uP Read Cycle 
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Figure 12. uP WriteCycle 
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Figure 13. Multiplexed Address Timing 
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Motorola Bus Mode 






%OCS*DS 


DRQR 
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Figure 14. Address Timing 
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Figure 15. uP Read Cycle 
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Figure 16. pP Write Cycle 


tan 
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Figure 17. Address Timing 
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Table 3. Microcontroller Interface Timing Characateristics 


Parameter Symbol 
ALE pulse width taa 
Address setup time to ALE tar 
Address hold time from ALE tia 
Address latch setup time to WR, RD tas 
Address setup time to WR, RD tas 
Address hold time from WR, RD tan 


DMA request delay tory 
DS delay after R/W setup | 
RD pulse width 

Data output delay from RD 
Data float delay from RD 


RD control interva 


WR pulse width tww 
Data setup time to WR+CS tow 
Data hold time from WR+CS iws 
WR control interval tw 
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Limit Values 
Min. Max. 
30 - 
10 - 
20 

0 


10 


70 


60 


30 


10 


70 










120 


25 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Test 
Condition 


Table 4. Serial Interface Timing 


Limit Values 7 5 _ _ Test 
Parameter Symbol Min. Max. 





















Receive data setup 
Receive data hold 
Collision data setup 
Data hold 

Transmit data delay 
Request to send delay 1 
Request to send delay 2 
Clock period 

Clock period Low 

Clock period High 











Test 
Condition 


Limit Values 


Parameter Max. 














Receive strobe delay 
Receive strobe setup 
Receive strobe hold 


trss 60 ns 
trsx 30 ns 





Transmit strobe delay. txsp 30 ns 
Transmit strobe setug: txss 60 ns 
Transmit strobe hold; tien 30 ns ° 
Transmit data delay “=: txoo 70 ns 
Strobe data delay : tsop 90 ns 
High impedance from clock txez 50 ns 
High impedance from strobe txsz 50 ns 
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Figure 18. Strobe Timing 
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Clock Mode 5 
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Figure 19. Synchronization Timing 


Table 6. Clock Mode 5 Timing 









Limit Values 
Parameter Symbol Min. 





Sync pulse start early * 
Sync pulse § ns 
Sync pulse w ns 


Time-slot control delay ten 20 75 ns 


* If sync pulse starts before_® « edge of RxCLK AB first bit transmitted occurs on Madge of RxCLK A/B. 


** If sync pulse occurs after > a edge of RxCLK A/B first bit transmitted occurs on _& edge of sync pulse. 
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Clock Mode 2, 3, 6, 7 





Table 7. Internal Clocking 


Description Min. Max. __Unit Condition 
Clock frequency 12 MHz E nerator used 








Clock frequency 


Reset Timi 


Table 8. RES Characteristics 
Symbol Description Min. Max. Unit Condition 
tawn RES High 1800 ns 


(arene TT LTT aT LE aT SE SALE TCAD ETT asa aa aS SOE ETO se aT ID EAs ETT TEESE TT ETT aa ICA TTL TE TS TT TET ATT NTD, 
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PHYSICAL DIMENSIONS 
Plastic package, PLCC, 44 pins 


009 
.015 





06752E 
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DISTINCTIVE CHARACTERISTICS Pm | 


The following list describes the distinctive characteristics of AMD’s AmLink™ LAPD/LAPB: 


Full implementation of the CCITT Q.921 recommendations 

Primitive-driven software interface 

Multi-packet data queues between Layers 2 and 3 expediting data transmissions between 
layers 

Supporting both D- and B-channels simultaneously 

Configurable link parameters 

Modular design 

State table implementation allowing flexibility, structured design, and ease of maintenance 
Device hardware independent 

Operating system independent 

¢ Supports multiple TEl’s per each physical channel 

¢ Supports multiple logical links per each TEI 

May be implemented in firmware 

« Portable source code in “C” 
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Chapter 2 


GENERAL DESCRIPTION 


This document describes the AmLink LAPD/LAPB interface between the LAPD/LAPB and the 
Layer_3 entity, and the LAPD/LAPB and the Layer_2 Management Entity (ME). Layer_3 and 
Layer_2 are defined by the Open Systems Interconnection (OSI) model of the International Stan- 
dards Organization. In this document, all references made to LAPD equally apply to LAPB. 


2.1 Purpose 


The purpose of the Link Access Procedure for the D-channel (LAPD) is to transfer information 
between Layer_3 entities across the ISDN network using the D-channel. 


The purpose of the Link Access Procedure Balanced (LAPB) is to transfer information between 
Layer_3 entities using the B-channel. 


The details of LAPD are provided in Recommendation Q.921 (1.441 ISDN user-network interface 
data link layer specification). Layer_3 is defined in Recommendations Q.930 (1.450 ISDN user 
network interface Layer_3 general aspects) and Q.931 (1.451 ISDN user-network interface Layer_3 
specification). 


2.2 System Requirements 


The AmLink LAPD is designed so that it requires minimum operating system assistance for its 
proper operation. It contains the required mechanism to support multiple logical links for both D- 
and B-channels. However, it can be altered to take advantage of any multitasking features that the 
local operating system may have. For timer and queue services, it generates proper MDL primitive 
requests as described in the following sections. 


The system requirements of AmLink are: 
¢ 25 Kbytes of RAM/ROM 
¢ 1000 bytes of private RAM 
¢ 512 minimum bytes of RAM per Logical Link 
* Memory allocation/de-allocation from the Management Entity 
¢ Timer services from the Management Entity 
¢« Low-Level Device Drivers 
« Shared memory per physical channel is 48 bytes plus user-supplied buffers 


2.3 Architecture 


Figure 1 shows the block diagram of the interface between Layers 1 through 3. The Am79C401 
Integrated Data Protocol Controller (IDPC™) and Am79C30 Digital Subscriber Controller (DSC™) 
components provide the physical connection or Layer_1 of the OSI model. The DSC provides the 
D-channel connections, whereas the IDPC resides above the B-channel. The low-level drivers 
provide an identical interface between the link layer and the physical layer. The interface between 
the link layer and these drivers is referred to as the Layer_2 to Layer_2- interface. The Management 
Entity (ME) provides the necessary support for all layers, and is in charge of providing and 
maintaining different timers and storage areas as requested by the various layers. 


The design of the Management Entity is system dependent and is generally accomplished by the 
host. In this implementation, however, a sample management entity is developed which operates in 
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D-Channel B-Channel Layer 3 


aoa setetate te ytaiala tetera teva catereteveterere 


Layer 3 to Layer 2 Interface 


AmLink LAPD/LAPB Layer 2 
ME 
Driver Layer oo 
DSC IDPC Layer 1 


Figure 1. OSI Layers 1 Through 3 


the foreground, whereas drivers, LAPD, and Layer_3 will be primarily executed as interrupt-driven 
tasks. 


2.4 Development Environment 


The AmLink LAPD is implemented using Microsoft “C” compiler version 5.1 and the Microsoft 
Macro Assembler version 5.1. 
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FUNCTIONAL DESCRIPTION 


This section describes the communication interface between LAPD and Layer_3, and between 
LAPD and the Management Entity. 


3.1 POR Configuration and Initialization 


Prior to using this code, several initialization tasks must be carried out as indicated below: 

1) Installation of all input_service_handler vectors. These are entry points to the three input 
processors inside LAPD: one from the Low-Level Driver (LLD) to LAPD, one from Layer_3 to 
the LAPD, and one from the Management Entity to the LAPD. 

2) Installation of all output_service_handler vectors. These are the entry points to the interrupt 
handlers outside LAPD: one that processes LAPD to LLD commands, one that processes 
LAPD to ME events, and one that processes LAPD to Layer_3 events. 

3) Executing the initlap() routine. 

After executing the initlap() routine, the LAPD will be able to respond to input commands and 
responses. 


3.2 Event/Command Mailboxes 


The communication interface between Layer_2 and Layer_3 and between Layer_2 and the 
Management_Entity takes place via a set of communication mailboxes, where each mailbox has 
the following structure: 


Event/Command Identifier Field 
Receipt_Acknowledge_ Field 
Parameters 


The entity initiating the communication has the task of: 


1) Loading the event/command identifier field with the code associated with each particular 
primitive. 

2) Placing FF into the Receipt_Acknowledge_ Field. 

3) Setting the parameters associated with each primitive. 

4) Generating a software (or hardware if implemented on separate processors) interrupt for the 
recipient, who removes the information from the mailbox and acknowledges the receipt by 
loading a valid acknowledgment byte into the Receipt_Acknowledge_Field. 


In case of 2-byte-long parameters, the least significant byte is loaded first. For example, if LENGTH 
is a 2-byte-long parameter, the parameter field will have the following format: 


Octet 1 Loworder 8 bits of LENGTH (LSB) 
2 Highorder 8 bits of LENGTH (MSB) 


In case of address parameters, the parameter will occupy 4 bytes and will have the format as 
described below: 


Octet 1 Loworder 8 bits of the OFFSET 
2 Highorder 8 bits of the OFFSET 
3 Loworder 8 bits of the SEGMENT 
4 Highorder 8 bits of the SEGMENT 
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3.3 Layer_3 and Layer_2 Communication Interface 


The Layer_2 and Layer_3 exchange information via command and event mailboxes is shown in 
Figure 2. There are separate sets of command and event mailboxes for each of the B- and D- 
channels. All primitive exchanges between Layer_2 and Layer_3 have the DL prefix. 


3.3.1 Layer_3 to Layer_2 Interface 


The Layer_3 to Layer_2 (LAPD) commands are communicated via the L3_L2_Command_ 
Mail_Box. Layer_3 must provide a primitive code that signifies one of the Layer_3 to Layer_2 
primitives and should also indicate the Connection Endpoint Identifiers (CEI) associated with its 
peer Layer_3, which is the intended final recipient of the information as far as Layer_3 initiating the 
primitive is concerned. 


Each CEI is composed of a Service_Access_Point_Identifier (SAPI) and a Connection_Endpoint_ 


Suffix (CES). After loading the L3_L2_ Command_Mail_Box with the appropriate data, Layer_3 









D-Channel B-Channel Layer 3 


Se . Iidmbox 





LAPD/LAPB Layer 2 


Layer 1 


Figure 2. Command and Event Mailbox Structures 
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should generate the il3i2 interrupt in case of B-channel data transfers and the di3i2 interrupt for the 
D-channel communication to activate Layer_2. The letter “i” preceding the interrupt name signifies 
that the interrupt is for the IDPC device that resides above the B-channel; similarly, “d” stands for 
DSC device controlling the D-channel. The direction for the interrupt is shown by the order of the 
layer numbers; in this case, I3I2 implies that the direction is from Layer_3 to Layer_2. 


The Layer_3 to Layer_2 primitives, along with their command codes and parameters, are de- 
scribed below: 


Code Primitive Parameters Byte 

DL_EST_RQ DL_ESTABLISH_REQUEST SAPI 1 
CES 1 

DL_REL_RQ DL_RELEASE REQUEST SAPI 1 
CES 

DL_DA_RQ DL_DATA_REQUEST SAPI 1 
CES 1 
|_ Message_Address 4 
| Message_Length 2 
Refno 2 
Available_Slots 1 


DL_U_DA_RQ  DL_UNIT_DATA_REQUEST SAPI 
CES 
Ul_Message_Address 
Ul_Message_Length 
Refno 


OnNhaA 


The code is a constant declaration that identifies a primitive. 


The Ul_Message_Address field points to the buffer containing the Unacknowledged Information 
that is being transmitted, and follows the format used for address pointers as described in 
Section 3.2. 


The Available_Slots parameter indicates to Layer_3 the number of available buffer slots it has for 
subsequent DL_DATA_REQUESTs. 


The Ul_Message_Length field specifies the length of the Ul message and it follows the format used 
for 2-byte-long parameters. The Refno indicates the reference number of the buffer that contains 
this Ul message. This reference number is used to release the memory space whenever the 
message is successfully transmitted by the low-level driver. 


The allowed values for the Receipt_Acknowledge_Field are: 


Code Definition 

FF Set by Layer_3 

00 Set by LAPD to indicate successful reception 
11 Set by LAPD to indicate error in the command 


The actions to be taken by the LAPD in response to the commands received from Layer_3 are 
described in Q.921 CCITT Recommendations (1.441). 
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3.3.2 Layer_2 to Layer_3 Interface 


The Layer_2 to Layer_3 communication is provided via the L2_L3_Event _Mail_Box. The structure 
of this mailbox is described in Section 3.2. After loading the appropriate parameters into the 
L2 L3 Event_Mail_Box, the LAPD should generate the il2il3 interrupt for the B-channel communi- 
cation and the di2i3 interrupt for the D-channel transfers to pass control to the Layer_3 entity. 


The Layer_2 to Layer_3 primitives, along with the event codes and parameters associated with 
each primitive, are described below: 


Code Primitive Parameters Byte 
DL_EST_IN DL_ESTABLISH_INDICATION — SAPI 1 
CES 1 
DL_REL_IN DL_RELEASE_INDICATION SAPI 1 
CES 1 
DL_U_DA_IN DL_UNIT_DATA_INDICATION  SAPI 1 
CES 1 
Ul_Message_Address 4 
Ul_Message_Length 2 
Refno 2 
DL_DA_IN DL_DATA_INDICATION SAPI 1 
CES 1 
| Message_Address 4 
| Message_Length 2 
Refno 2 
DL_EST_CON DL_ESTABLISH_CONFIRM SAPI 1 
CES 1 
DL_REL_CON DL_RELEASE_CONFIRM SAPI 1 
CES 1 


The code is a constant declaration that uniquely identifies a primitive. 


The 2-byte message length parameter and the 4-byte message address parameter follow the 
formats described in Section 3.2. 


The allowed values for the Receipt_Acknowledge_Field are: 


Code Definition 

FE Set by LAPD 

00 Set by Layer_3 to indicate successful receipt 
11 Set by Layer_3 to indicate error in the event 


The actions to be taken by the LAPD before providing the indication/confirmation to Layer_3 are 
described in Q.921 CCITT Recommendations (1.441). 


3.4 Layer_2 to Management Entity Interface 


The Layer_2 and Layer_2 Management Entity exchange information in a set of command/event 
mailboxes as shown in Figure 2. There is a separate command/event mailbox for each of the 
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B- and D-channels. The primitives exchanged between Layer_2 and the Management Entity have 
the MDL prefix. 


3.4.1 Management Entity to LAPD Interface 


The Management Entity to LAPD commands are communicated via the ME_L2_Command_ 
Mail_Box. The structure of this mailbox is described in Section 3.2. To start the communication, the 
ME should load the mailbox with the primitive code and parameters, and generate an appropriate 
interrupt (imel2 for the B-channel and dmel2 for the D-channel) to transfer control to the LAPD. 


The Management Entity to Layer_2 primitives, along with their command codes and parameters 
lists, are shown below: 


Code Primitive Parameters Byte 


MDL_AS_RQ MDL_ASSIGN_REQUEST TEI 1 
CES 1 


MDL_R_RQ MDL_REMOVE_REQUEST TE! 1 
MDL_U_DA_RQ MDL_UNIT_DATA_REQUEST — Ul_Message_Address 


Ui_Message_Length 
Refno 


MONM > 


MDL_X_RQ MDL_XID_ REQUEST SAPI 
CES 
X!ID_Message_Address 
XID_Message_Length 
Refno 


Nona =| 


MDL_X_RS MDL_XID_ RESPONSE SAPI 
CES 
X!ID_Message_Address 
XID_Message_Length 
Refno 


Nn A = = 


MDL_ER_RS MDL_ERROR_RESPONSE SAPI 
CES 
Code 


awk hk wk 


The code is a constant declaration that uniquely identifies a primitive. 


The message length, reference number (Refno), and address parameters follow the format 
described in Section 3.2. 


The error codes used in the MDL_Error_Response primitive are defined in Q.921 Specifications 
Appendix Il. 


The receipt codes allowed for the Receipt_Acknowledge_Field are: 
Code Definition 
FF Set by ME 


Set by LAPD to indicate successful receipt 
Set by LAPD to indicate error 
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The actions to be taken by the LAPD in response to the commands received from the ME are 
described in Q.921 CCITT Recommendations (1.441). 


3.4.2 Layer_2 to Management Entity Interface 


The Layer_2 to ME communication is provided via the L2_ ME_Event_Mail_Box. The format for this 
mailbox is described in Section 3.2. To start the communication, the LAPD will place the event code 
and its associated parameters into the mailbox, and generate an appropriate interrupt (il2m3 for the 
B-channel and di2me for the D-channel) to transfer control of the Management Entity. 


The Layer_2 to Management Entity primitives, along with their codes and parameters, are shown 
below: 


Code Primitive Parameters Byte 
MDL_AS_IN MDL_ASSIGN_INDICATION CES 1 
MDL_U_DA_IN MDL_UNIT_DATA_INDICATION Ul_Message_Address 


Ul_Message_Length 
Refno 


NONM A 


MDL_X_IN MDL_XID_INDICATION SAPI 
CES 
XID_Message_ Address 
XID_Message_Length 
Refno 


NON A= 


MDL_X_CON MDL_XID_CONFIRM SAPI 
CES 
XID_Message_ Address 
XID_Message_Length 
Refno 


yonm A = 


MDL_ER_IN MDL_ERROR_INDICATION SAPI 
CES 
Error code 1 


ak awk 


The message length parameters, reference number (Refno), and message address parameters 
follow the formats shown in Section 3.2. 


The error codes used in the MDL_Error_Indication primitive are defined in Q.921 Specifications 
Appendix Il. 


The receipt codes allowed for the Receipt_Acknowledge_Field are: 


Code Definition 

FF Set by LAPD 

00 Set by ME to indicate successful receipt 
11 Set by ME to indicate error 


The actions to be taken by the LAPD before providing the indication/confirmation to the ME are 
described in Q.921 CCITT Recommendations (1.441). 
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3.5 Timer and Queue Services Required by LAPD 


In addition to the services that are specified in Q.921 specifications, the Layer_2 Management 
Entity must also provide timer and storage services for Layer_2. 


The two new primitives added to provide these new services for the LAPD are: 


MDL_TIMER_ SERVICE and 
MDL_BUFFER SERVICE 


3.5.1 MDL Timer Services 
The Layer_2 Management Entity must provide the following timer services for the LAPD: 


MDL_TIMER_SERVICE_INDICATION and 
MDL_TIMER_SERVICE_RESPONSE 


3.5.1.1 MDL_TIMER_SERVICE_ INDICATION 


The MDL_TIMER_SERVICE_REQUEST is generated by the LAPD to start, stop, or restart a 
specific timer. To initiate this service, the LAPD should place the MDL primitive code with its 
associated parameters into the L2_ME_Event_Mail_Box and generate an interrupt to transfer 
control to the Layer_2 Management Entity. 


The parameters associated with the MDL_Timer_Service primitive are shown below: 


Code Parameter Length (byte) 
MDL_TM_IN pppppimm 1 

Reference number 2 

Time_out value 2 

Pointer to var 4 


The code is a constant declaration that uniquely identifies a primitive. 


The “ppppp” field within the first parameter indicates a priority number ranging from 0 (low) to 31 
(high), and will be implemented at a later date. Currently, priority will be set to 0 for all timers. 


If the “i” field in the first parameter is set to “0,” it indicates that an interrupt should be generated 
when the timer times-out. If this field is set to “1,” a global variable is set when the timer times-out. 


The “mm” fields in the first parameter modify the command such that: 


00—start timer 
01—stop timer 
10—restart timer 
11—reserved 


mm 


The reference number is a 16-bit-long parameter which identifies a unique timer. 


The pointer to var parameter is used to indicate the global variable that will be set when the timer 
times-out (if i = 1). 


All 2- and 4-byte parameters follow the specification format presented in Section 3.2. 
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The receipt codes allowed for the Receipt_Acknowledge_Field are: 


Code Definition 

FF Set by LAPD 

00 Set by ME to indicate successful receipt 
11 Set by ME to indicate error 


3.5.1.2 MDL_TIMER_SERVICE RESPONSE 

The MDL_TIMER_SERVICE_RESPONSE is generated by the Layer_2 Management Entity when- 
ever any one of the timers initiated by a previous MDL_TIMER_SERVICE_INDICATION primitive 
time out. 

To initiate this primitive, the Layer_2 Management Entity should load the MDL_TM_RS primitive 
code along with its associated parameters into the ME_L2_Command_Mail_Box and generate an 
interrupt to activate Layer_2. The parameters used for this primitive are shown below: 

Code Parameters Length (byte) 

MDL_TM_RS Reference number 2 


The code is a constant declaration that identifies the primitive. 


The reference number identifies the timer that has timed out. This 2-byte number follows the format 
used for representing 2-byte-long parameters as shown in Section 3.2. 


The receipt codes allowed for the Receipt_Acknowledge_ Field are: 


Code Definition 

FF Set by ME 

00 Set by LAPD to indicate successful receipt 
11 Set by LAPD to indicate error 


3.5.2 Memory Management Services 


The Management Entity has the tasks of providing the various queues for the different entities. To 
allow for this the following primitive is used: 


MDL_BUFFER_SERVICE_INDICATION 


3.5.2.1 MDL_BUFFER_SERVICE_INDICATION 


The MDL_BUFFER_SERVICE_INDICATION is generated by the LAPD to request a block of 
memory area. Because LAPD must immediately receive a response to its buffer service request, 
the same request mailbox is used to pass back the parameters that identify the designated buffer 
area (if the response is granted). 


To initiate this request, LAPD should load the L2_ME_Response_Mail_Box with the MDL_BF_IN 
primitive code and its associated parameters, and generate an interrupt for the Layer_2 Manage- 
ment Entity. The Layer_2 Management Entity will either deny or grant this request. If the request is 
granted, then the Management Entity will load the address parameter with the address of the 
granted buffer. 
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The primitive code and parameters for this request are listed below: 





Code Parameters Length 

MDL_BF_IN m 1 
Buffer size in byte 2 
Buffer address 4 
Refno 2 


The code is a constant declaration identifying the primitive. 


The “m” field in the first parameter is set by LAPD, and if it is equal to 0, then the request is for 
allocation; otherwise, it is a de-allocation request. 


In case of an allocation request, the size field (loaded by LAPD) indicates the minimum size of the 
requested buffer. The format of this parameter is described in Section 3.2. 


The address parameter is loaded by the Management Entity if the request is granted. This 
parameter points to the granted buffer. The format of this parameter is described in Section 3.2. 


For an allocation request (m = 0), the Refno field is loaded by the Management Entity and it 
uniquely identifies a buffer. During de-allocation (m = 1), the Refno parameter (loaded by LAPD) 
indicates the buffer that is to be de-allocated. 


The allowed values for the_Receipt_Acknowledge_Field are: 


Code Definition 

FF Set by LAPD 

00 Set by ME if request is granted 
11 Set by ME if request is denied 
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= INTERFACE SPECIFICATION BETWEEN LAYER_2 AND 


LAYER 2 


As shown in Figure 2, Layer_2 and Layer_2 communicate via a set of event/command mailboxes. 
Layer_2-, which is also referred to as the Low-Level Driver (LLD), provides a common interface 
between LAPD and Layer_1 for all the devices that might provide the physical connection. The 
Physical Layer has the task of transmitting and receiving packets for LAPD and also providing 
status information reflecting the connection. In addition, it has the task of providing the necessary 
interface between the physical device and the Layer_1 Management Entity. The details of the Low- 
Level Driver (LLD) interface specification with Layer_2 and the Layer_1 Management Entity is 
described in a separate document. This document describes the packet reception and transmis- 
sion services of this driver as seen from LAPD. 


4.1 Layer_2 to Layer_2 Interface 


The Layer_2 to Layer_2- communication is provided via the L2_LLD_Command_Mail_Box, which 
follows the general format for the mailboxes as described in Section 3.2. 


In order to transmit a packet, LAPD must provide the following primitive: 


Description Parameter Byte 

Transmit Buffer Buffer RAM Address 4 
Packet Length 2 
Buffer Length 2 


This command will instruct the Low-Level Driver to transmit one or more packets of the size equal 
to the “Packet Length.” The packet starts at the memory address equal to the “Buffer RAM 
Address.” The packets are assumed to be contiguous in RAM. The total length (in bytes) of all 
packets in the transmit buffer is equal to the “Buffer Length” parameter. 


All 2-byte and 4-byte parameters follow the format described in Section 3.2. 


The allowed values for the Receipt_Acknowledge_Field are: 


Code Definition 

00 Set by LLD to acknowledge successful receipt 
01 Set by LLD to indicate illegal command code 
02 Set by LLD to indicate illegal parameters 

FF Set by LAPD to initialize the field 


4.2 Layer_2 to Layer _2 Interface 


The Layer_2- to Layer_2 communication is provided via the LLD_L2_Event_Mail_Box, which 
follows the general format for the mailboxes as described in Section 3.2 with one exception. 
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The “Buffer Transmitted Without Error” and “Packet Received Without Error’ are the primitives that 
are generally used for packet reception/transmission services for LAPD. The format for these 
events are: 


Description Parameters Byte 

Buffer Transmitted None 

Without Error 

Packet Received Packet Address 4 

Without Error Packet Length 2 
Buffer Reference Number 2 

Buffer Transmit None 

Exception 


The “Buffer Transmitter Without Error’ is a response from the LLD to LAPD indicating the 
successful transmission of a packet that was initiated by a previous “Transmit Buffer” command 
from LAPD. 


The “Packet Received Without Error’ is an indication from the LLD to LAPD identifying the reception 
of a packet. The “Packet Address” parameter describes the starting address of the packet, the 
“Packet Length” parameter identifies the length of the received packet, and the “Buffer Reference 
Number” is returned to the higher layer for its use in de-allocating the received buffer after 
processing the packet. 


All 2- and 4-byte parameters follow the format described in Section 3.2. 


The “Buffer Transmit Exception” is an indication from the LLD to LAPD identifying that an error has 
occurred in a previously initiated “Transmit Buffer” command from LAPD. 


The allowed values for the Receipt_Acknowledge_Field are: 


Code Definition 

FF Set by LLD to initialize the field 

00 Set by LAPD to indicate successful receipt 
11 Set by LAPD to indicate error in the code 
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DETAILED FUNCTIONAL SPECIFICATION 


In this section, the DL and MDL primitives and their associated command/event codes and 
parameters are described in more depth. 


The DL primitives are used for communication interface between Layers 2 and 3, whereas the MDL 
primitives are used for communication interface between Layer_2 and the Layer_2 Management 
Entity. 


In the case of 2-byte-long parameters, the least significant byte is loaded first. For example, if 
LENGTH is a 2-byte-long parameter, the parameter field will have the following format: 


Octet 1 Loworder _ 8 bits of LENGTH (LSB) 
2 Highorder 8 bits of LENGTH (MSB) 


In the case of address parameters, the parameter will occupy 4 bytes and will have the format as 
described below: 


Octet 1 Loworder _ 8 bits of the OFFSET 
2 Highorder 8 bits of the OFFSET 
3 Loworder 8 bits of the SEGMENT 
4 Highorder 8 bits of the SEGMENT 


Each primitive description contains the following information: 


PRIMITIVE: The name of the primitive 

CODE: Command/Event code representing the primitive 

MAILBOX: Mailbox used for this primitive 

INPUT: Input parameters required for this primitive 

OUTPUT: Output parameters returned (if any) 

RECEIPT CODE: The allowed receipt codes 

DESCRIPTION: The function provided by this primitive 

NOTES: Special considerations or characteristics related for this primitive 
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5.1 Layer_3 to Layer_2 Interface 


The detailed functional specifications for the primitives directed from Layer_3 to Layer_2 are 
described in this section. 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


DL_ESTABLISH_REQUEST 
DL_EST_RQ 


L3_L2 COMMAND 


SAPI 1 byte 
CES 1 byte 
None 


FF by Layer_3 
00 by LAPD to indicate successful reception 
11 by LAPD to indicate error in the command 


This primitive is used to request establishing multiple frame operation. 


DL_RELEASE_ REQUEST 
DL_REL_RQ 


L3_L2 COMMAND 


SAPI 1 byte 
CES 1 byte 
None 


FF by Layer_3 
00 by LAPD ito indicate successful reception 
11 by LAPD to indicate error in the command 


This primitive is used to terminate a previously established multiple frame 
operation. 


AmLink Interface Reference Guide 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


DL_DATA_REQUEST 

DL_DA_RQ 

L3_L2 COMMAND 

SAPI 1 byte 

CES 1 byte 

| Message_Address 4 byte 

| Message_Length 2 byte 
Reference_Number 2 byte 

Available_ Slots 1 byte 

FF by Layer_3 

00 by LAPD to indicate successful receipt 
11 by LAPD to indicate error in the command 


This primitive is used to pass Layer_3 messages to the LAPD using 
acknowledged operation. 


DL_UNIT_DATA_REQUEST 
DL_U_DA_RQ 

L3_L2 COMMAND 

SAPI 1 byte 

CES 1 byte 
Ul_Message_Address 4 bytes 
Ul_Message_Length 2bytes 
Reference_Number 2 bytes 

None 

FF by Layer_3 

00 by LAPD to indicate successful reception 
11 by LAPD to indicate error in the command 


This primitive is used by the Layer_3 to transmit a message to its peer using 
unacknowledged operation. 
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5.2 Layer_2 to Layer_3 Interface 


The detailed functional specifications for the primitives directed from Layer_2 to Layer_3 are 
described in this section. 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


DL_ESTABLISH_INDICATION 
DL_EST_IN 
L2 1.3 EVENT 


SAPI 1 byte 
CES 1 byte 


None 
FF by LAPD 
00 by Layer_3 to indicate successful receipt 


11 by Layer_3 to indicate error 


This primitive is used to indicate the outcome of the procedure for establishing 
multiple frame operation. 


DL_RELEASE_INDICATION 
DL_REL_IN 
L2 L3 EVENT 


SAPI 1 byte 
CES 1 byte 


None 

FF by LAPD 

00 by Layer_S to indicate successful receipt 
11 by Layer_3 to indicate error in the event 


This primitive is used to indicate the termination of a previously established 
multiple frame operation session. 


AmLink Interface Reference Guide 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


DL_UNIT_DATA_INDICATION 


DL_U_DA_IN 

L2 L3_ EVENT 

SAPI 1 byte 
CES 1 byte 


Ul_Message_Address 4 bytes 
Ul_Message_ Length 2bytes 
Reference_Number 2 bytes 


None 

FF by LAPD 

00 by Layer_3 to indicate successful receipt 
11 by Layer_3 to indicate error in the event 


This primitive is used to indicate the receipt of a Layer_3 message from a peer 
using the unacknowledged operation. 


DL_DATA_INDICATION 


DL_DA_IN 

L2 13 EVENT 

SAPI 1 byte 
CES 1 byte 


| Message_Address 4bytes 
| Message Length 2 bytes 
Refno 2 bytes 


None 

FF by LAPD 

00 by Layer_3 to indicate successful receipt 
11 by Layer_3 to indicate error in the event 


This primitive is used to indicate the receipt of a message from a peer Layer_3 
using the acknowledged transfer operation. 
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PRIMITIVE: DL_ESTABLISH_CONFIRM 

CODE: DL_EST_CON 

MAILBOX: L2 L3 EVENT 

INPUTS: SAPI 1 byte 
CES 1 byte 

OUTPUTS: None 


RECEIPT CODES: FF by LAPD 
00 by Layer_3 to indicate successful receipt 
11 by Layer_3 to indicate error in the event 


DESCRIPTION: _ This primitive is used to confirm the establishment of multiple frame operation. 


NOTES: 

PRIMITIVE: DL_RELEASE_CONFIRM 

CODE: DL_REL_CON 

MAILBOX: L213 EVENT. 

INPUTS: SAPI 1 byte 
CES 1 byte 

OUTPUTS: None 

RECEIPT CODES: FF by LAPD 
00 by Layer_3 to indicate successful receipt 
11 by Layer_3 to indicate error in the event 

DESCRIPTION: _ This primitive is used to confirm the termination of a previously established 
multiple frame operation session. 

NOTES: 
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5.3 Management Entity to Layer_2 Interface 


The detailed functional specifications for the primitives directed from the Layer_2 Management 
Entity to Layer_2 is described in this section. 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 
CODE: 
MAILBOX: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_ASSIGN_REQUEST 
MDL_AS_RQ 


ME_L2_ COMMAND 


TEI 1 byte 
CES 1 byte 
None 

FF by ME 


00 by LAPD to indicate successful receipt 
11 by LAPD to indicate error in command 


This primitive is used to assign the TEI value. The LAPD may then enter the 
TEl_ ASSIGN state. 


MDL_REMOVE_REQUEST 

MDL_R_RQ 

ME_L2 COMMAND 

TEI 1 byte 

None 

FF by ME 

00 by LAPD to indicate successful receipt 


11 by LAPD to indicate error in command 


This primitive is used to remove the association of the assigned TEI value with 
the specified connection endpoint. 
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PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_UNIT_DATA_REQUEST 
MDL_U_DA_RQ 
ME_L2_COMMAND 


Ul_Message_Address 4 bytes 


Ul_Message_Length 2 bytes 
Reference_Number 2 bytes 
None 

FF by ME 


00 by LAPD to indicate successful receipt 
11 by LAPD to indicate error in command 


This primitive is used to pass information messages from the Management 


Entity to the LAPD, which should then transmit these messages using 
unacknowledged operation with the broadcast address. 


MDL_XID_REQUEST 

MDL_X_RQ 

ME_L2 COMMAND 

SAPI 1 byte 

CES 1 byte 
XID_Message_Address 4 bytes 
X!ID_Message_Length 2 bytes 
Reference_Number 2 bytes 
None 

FF by ME 

00 by LAPD to indicate successful receipt 
11 by LAPD to indicate error in command 


This primitive is used to transmit an XID command frame. 
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5.4 Layer_2 to Management Entity Interface 


The detailed functional specifications for the primitives directed from Layer_2 to the Layer_2 Man- 
agement Entity are described in this section. 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 





MDL_XID_ RESPONSE 
MDL_X_RS 

L2 ME COMMAND 

SAPI 1 byte 
CES 1 byte 
XID_Message Address 4 bytes 
XID_Message_ Length 2bytes 
Reference_Number 2 bytes 
None 

FF by ME 

00 by LAPD to indicate successful receipt 


11 by LAPD to indicate error in command 


This primitive is used to transmit an XID response frame. 


MDL_ERROR_RESPONSE 
MDL_ER_RS 


L2 ME_COMMAND 


SAPI 1 byte 
CES 1 byte 
Error_Code 1 byte 
None 

FF by ME 


00 by LAPD to indicate successful receipt 
11 by LAPD to indicate error in command 


This primitive is used to indicate an error response. 
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PRIMITIVE: 


CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_ASSIGN_INDICATION 
MDL_AS_IN 

L2 ME_EVENT 

CES 1 byte 
None 

FF by LAPD 

00 by ME to indicate successful receipt 


11 by ME to indicate error in event 


This primitive is used to indicate that a TEI needs to be assigned. 


MDL UNIT DATA INDICATION 


MDL_U_DA_IN 

L2 ME_EVENT 

Ul_Message_Address 4 bytes 
Ul_Message_Length 2 bytes 
Reference_Number 2 bytes 
None 

FF by LAPD 

00 by ME to indicate successful receipt 


11 by ME to indicate error in event 


This primitive is used to indicate to the Management Entity that an information 
frame has been received via unacknowledged operation. 
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PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_XID_INDICATION 


MDL_X_IN 

L2 ME_EVENT 

SAPI 1 byte 
CES 1 byte 


XID_Message_Address 4 bytes 
XID_Message_Length 2 bytes 
Reference_Number 2 bytes 


None 

FF by LAPD 

00 by ME to indicate successful receipt 
11 by ME to indicate error in event 


This primitive is used to indicate that an XID command frame has been 
received. 


MDL_XID_CONFIRM 


MDL_X_CON 

L2 ME_EVENT 

SAPI 1 byte 
CES 1 byte 


X!ID_Message_ Address 4 bytes 
XID_Message_Length 2 bytes 
Reference_Number 2 bytes 


None 

FF by LAPD 

00 by ME to indicate successful receipt 
11 by ME to indicate error in event 


This primitive is used to confirm that a successful XID response has been 
received. 
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PRIMITIVE: 
CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 
occurred. 


NOTES: 


PRIMITIVE: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_ERROR_INDICATION 
MDL_ER_IN 
L2 ME_EVENT 


SAPI 1 byte 
CES 1 byte 
Error_Code 1 byte 


None 


FF by LAPD 
00 by ME to indicate successful receipt 
11 by ME to indicate error in event 


This primitive is used to notify the Management Entity that an error has 


Error Codes are defined in Q.921 Specifications Appendix II. 


MDL_TIMER_SERVICE_INDICATION 


AM! TAA IA 
Vio be tows ane 


L2 ME_EVENT 


pppppimm 1 byte 
where ppppp indicates a priority number 
(0 = low, 31 = high) 

i=0_ indicates that an interrupt should be generated upon timer time-out 
i= 1 indicates that a global variable should be set upon timer time-out 
mm = 00 to start the timer 

= 01 to stop the timer 

= 10 to restart the timer 


= 11 reserved 
Reference_Number 2 bytes 
Time_Out value 2 bytes 
Pointer to global variable 4 bytes 
None 
FF by LAPD 


00 by ME to indicate successful receipt 
11 by ME to indicate error in event 


This primitive is used to start, restart, or stop a timer. 


When starting or restarting the timer, the time_out value must be specified. 
Also, the pointer to global variable parameter must be set only if “i” is set to “1.” 


When stopping the timer, only the first two parameters are required. 
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PRIMITIVE: 


CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


PRIMITIVE: 


CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MDL_TIMER_SERVICE_RESPONSE 
MDL_TM_RS 

L2 ME COMMAND 

Reference_Number 2 bytes 
None 

FF by ME 

00 by LAPD to indicate successful receipt 


11 by LAPD to indicate error in event 


This primitive is used to notify the LAPD of a timer time-out. 


MDL_BUFFER_SERVICE_INDICATION 
MDL_BF_IN 


L2 ME_EVENT 





m 1 byte 
where m= (0 indicates allocation 
m = 1 indicates de-allocation 


Size in Byte 2 bytes 
Starting Address 4 bytes 
Reference_Number 2 bytes 
FF by LAPD 


00 by ME to indicate request is granted 
11 by ME to indicate request is denied 


This primitive is used to request a buffer from the Management Entity. 


The output parameters are returned only if the request is granted. 
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1 Introduction 


- The software modules described in this document provide complete ISDN capabilities up to 
layer 4 according to OSI’s 7 layer architecture. The details of the functions provided by these 
layers are described in the following sections. 


1.1 OSI Software Structure 


Figure 1 illustrates the relationship between these OSI layers. The physical layer capabilities 
are provided by AMD’s S-interface devices such as (Am79C30A) which not only provide the 
proper ’S’ interface connections but also perform the HDLC frame structuring functions of 
the D-channel as well. For the B-channel the Am79C401 device can be used to provide the 
HDLC framing and protocol support. 


The Lower Layer Device drivers (LLD’s) hide the device specific characteristics from the 
higher layers and provide a universal data transfer mechanism for layers 2 and above. The 
device specific functions such as the management of the Main Audio Processor (MAP) unit 
in Am79C30A are handled between the Management Entity (ME) and the specific LLD. 


Layer_2 or the Data Link Layer (DLL) is in charge of providing an error free transport 
mechanism for the Layer 3. Laver 2 can he thonght of as a messenger which carries 
sequenced envelopes for the Layer_3 entities across the interface. The Layer_3 simply 
places the message targeted for its peer Layer_3 inside this envelope and hands it down to the 
Layer_2. It is then the responsibility of the Layer_2 to carry this information to the other 
side. If by any chance the envelope is lost in the system, the Layer_2 has the responsibility 
of locating and re-delivering it transparent to all higher layers. Layer_2 protocols used to 
carry D-channel signalling procedures are described in the CCITT Q.921 Recommendation. 
The D-channel can also be used to carry user data other than signalling information for which 
the Q.921 procedures (LAPD) are utilized as well. 


The Layer_3 on the D_channel is in charge of establishing, maintaining, and terminating 
network connections (i.e. connecting a path across the network) between 2 terminating ends. 
These signalling and routing procedures are described in CCITT Q.931 Recommendation. 
Layer_3 also performs a set of functions on data units (or packets), such as segmenting and 
blocking, sequencing, flow control, expedited transfer, and reset and offers the corresponding 
services to layer 4 which are described in the X.25 protocols. Layer_3 signalling procedures 
are switch dependent and each existing ISDN switch [AT&T-5ESS, Northern Telecom 

DMS 100, etc.] has slightly different signalling requirements. 


The Digital Multiplexing Interface (DMI) as described by AT&T uses the Layer_3 packet 
layer protocols together with Layer_2’s LAPD procedures to transfer Layer_4 messages over 
the B-channel. In packet switch (PS) 5ESS applications the B-channel data is transferred 
using X.25 on Layer_3 and LAPB on Layer_2. In circuit switch (CS) SESS applications the 
B-channel data can be transferred via any user defined protocol such as X.25, DMI, etc. 


The Coordinating Entity is in charge of receiving the commands/information from Layer_4 
and transferring it through proper B or D channels to the appropriate peer. 
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Figure 1. AmLink3 ™ Software Block Diagram 
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The Management Entity is in charge of providing and maintaining harmonious inter-layer 
communications. The Management Entity is shared between all OSI layers and provides 
services such as: buffer/memory management, timer services, message exchange environ- 
ment between various tasks, etc. 


1.2 AMD’s ISDN Terminal Coprocessor Board™ (ITCB™) 


The ITC Board is designed to be used as a development environment for ISDN application 
software. Therefore, the software modules described in this document are ported onto this 
board. The hardware objectives of the ITC Board are: 


To provide an evaluation vehicle for AMD’s ISDN chip set 

To provide a development and certification environment for 
software modules designed for OSI architecture. 

To become a demonstration tool for AMD’s total ISDN solution 


The following sections describe the portion of this software which could reside on the ITCB 
and the interface between the ITCB resident software and the surrounding system. 


1.3 Software Boundary between PC and ITCB 


Figure 2 shows the software blocks and the boundary between the software residing inside 
the PC and the software running on the ITCB. Starting from the higher layer downward the 
structure resembles the general architecture described in Figure 1 with the exception of the 
PC to ITCB communication interface blocks. 


1.3.1 Application Layer 


This layer resides in the PC and provides such services as voice calls and data calls. 


1.3.1.1 Voice Calls 


This module runs on the PC and allows the user to place a voice call. The program 
prompts the user to enter the number to be dialed then it proceeds with the call 
initialization procedures and informs the user of the status of the call. On the 
receiving side this layer allows the user to receive calls and alerts the user of the 
incoming calls. 


1.3.1.2 Data Calls 


This module runs on the PC and allows the user to send and receive PC files and 
interactive keyboard entered data using the X.25 packet layer protocol. 
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Figure 2. PC/ITCB Software Block Diagram 
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1.3.2 Dos Device Driver! 


This optional module provides an interface between user defined tasks (programs) and the 
functions provided by the lower layers. It allows the user supplied application software 
packages to utilize DOS function calls to establish voice and data calls and X.25 data 
transfers. 


1.3.3 PC to ITCB interface Driver 
This drives resides in the PC and has the responsibility of transferring data between the 
PC and the ITCB. This communication is achieved via shared memory space between the 


PC and The ITC Board, which is enhanced by Dual Port Memory Control (DPMC) 
capabilities of the Am79C401 Integrated Data Protocol Controller™ (IDPC™). 


This interface handles all I/O port addressing, interface interrupts, and data transfers. 


1.3.4 ITCB to PC Interface Driver 


This driver resides in the ITCB and has the responsibility of transferring data between the 
ITCB and PC. This communication is achieved via shared memory space between ITCB 
and PC. This interface handles all interrupt and data transfer functions. 


1.3.5 Coordinating Entity 


The Coordinating Entity (CE) as described previously receives the Layer_4 commands 
and information and transfers them through proper B or D channels to the appropriate 
peer entity. | 


1.3.6 Management Entity 


The Management Entity (ME) provides the memory management, timer support, 
inter-processor communication, and control functions for all layers residing on the ITCB. 
In this implementation a real time executive called "pSOS", which is provided by 
Software Components Group, Inc. is used to aid the design and implementation of this 
module. Interactions with pSOS and the rest of this system are handled through a 
minimum set of procedures which reduce the operating system dependency of the overall 
code. 


1.3.7 Network Layer Signalling Entity (NLS) 


As described previously this entity, which resides on the ITC Board provides the Layer_3 
D-channel signalling protocol described in the CCITT Q.931 specifications. 


1 Dos Device Driver is optional and will be available at a later date. 
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1.3.8 Network Layer Packet Handling Entity (NLP) 


This entity provides the X.25 packet layer protocol capabilities for data transfer 
operations. The entity can then use the LAP protocol to transfer this information to the 
LLD’s. 


1.3.9 LAPD/LAPB (AmLink™) 


This module provides the Layer_2 data link functions as specified in CCITT’s Q.921 
specifications. 


1.3.10 D-Channel LLD 


These device drivers provide the D-channel data transfer capability for the Layer_2 
modules. As described previously the device specific functions are resolved between the 
LLD and the Management Entity. 


1.3.11 B-Channel LLD 


These device drivers provide the B-Channel data transfer capability. They too use the 
Management Entity to resolve device specific services. 


2 Demonstration Capability 


AmLink3™ along with the ITC Board serves as the demonstration vehicle for complete ISDN 
terminal equipment up to layer 4. The application layer at the OSI top level will provide voice 
and data call setups and tear-downs. For data calls both bidirectional file transfer and interactive 
data modes are supported. 


3 Future Expansions and Options 


3.1 Switch Specific Layers 


The NLS module is initially designed for AT&T’s SESS switch; DMS-100 and other 
switches will be added shortly. 


3.2 Rate Adaptation Schemes? 


Rate adaptation software will be added to support various packet oriented rate adaptation 
schemes such as V.120. 


2 V.120 Rate Adaptation is optional and will be provided in future. 
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4 Software Development Environment 
All software modules are coded in ‘C’ and 8088/86 assembly languages. 


4.1 PC-Based Software 


~ sw fe a. 


were used for code development. The Codeview Microsoft debugging tool was also used to 
aid the debugging activities. 


All windowing activities are generated by direct calls to Bios. Since no windowing packages 
are used for this purpose, users can alter and compile the code without the need to purchase 
additional windowing tools. 


4.2 ITCB Based Software 


Most of the software modules running on the ITCB were initially developed and tested on the 
PC using the Am79B300 board. These modules where then downloaded onto the ITCB. 


Unfortunately, the Microsoft ‘C’ compiler assumes PC based Bios/DOS environment for the 
target code; therefore several changes were required to transfer the compiled object codes to 
absolute code. To do this we used the Link & Locate tool developed by Systems and 
Software, Inc. which was recommended by Microsoft’s staff. 


For initial debugging and testing purposes the 80188 emulator of the HP64000 systems was 
used. The pROBE debugger (developed by Software Components Group, Inc.) along with the 
ITCB control program were used to assist debugging throughout porting activities onto the 
ITC Board. 


5 Program Down Loading and Execution 


The ITC Board contains a simple down loader which together with the PC resident control 
program provide the mechanism to download and execute the final code. The downloading and 
execution of the code is automated by the Layer_4 user interface module of AmLink3 software 
package. 


6 Certification and Verification 


It is our intention to verify proper operation of the AmLink3 and ITCB with most ISDN 
Switches. 


Currently the operation of the Q.931 portion of the AmLink3 package is verified on AT&T’s 
SESS switch. 
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1 Introduction 


This document provides an overview of AMD IDSN Layer_3 software architecture. 


1.1 ISDN Services Supported 


This first generation AMD Basic Rate Interface software architecture is designed to take 
advantage of the basic ISDN services provided by the AT&T Network Systems 5ESS Switch. 
Most of these services are generic to ISDN and will be supported by other switch manufacturers. 
Where differences among switch manufacturers are anticipated, the architecture attempts to 
localize those differences in a few software modules, maximizing the amount of software that is 
switch-independent. 


The major ISDN services supported are: 

1. Basic Voice Call Service. 

2. Packet-switched, nailed-up X.25 (ISDN D-Channel) Data Call Service. 

3. Packet-switched, nailed-up X.25 (ISDN B-Channel) Data Call Service. 

("Nailed-up" means “no circuit-switched (out-of-band) call setup required.") 

This architecture is designed to simultaneously support a voice call on one B-Channel and 
multiple data calls on the D-Channel and the other B-Channel. Simultaneous data calls on both 
B-Channels are not supported. 

In general, services and features of the 5ESS Basic Rate Interface that are designated as optional 
or supplementary are not implemented in this first generation architecture. However, the 
"hooks" are present in the architecture to make implementing these options an "add-on" rather 


than a rewrite. It is anticipated that many of these services and features will be implemented in 
future software generations. 
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2 Hardware Base 


The hardware base upon which this software architecture is overlaid is an IBM-compatible PC, 
running the MS-DOS operating system Version 2.0 or later, with a standard configuration of 
microprocessor ("PC Central Processing Unit" or "PC CPU"), system RAM, and floppy and/or 
hard disk storage. Added to this hardware base is a plug-in ISDN Terminal Coprocessor Board 
(ITCB) with the foliowing major componenis: 


80188 or 80186 processor ("Communications Co-processor") 


D-Channel interface chip (e.g., Am79C30A Digital Subscriber 
Controller™ (DSC)) 


B-Channel interface chip (e.g., Am79C401 Integrated Data 
Protocol Controller (IDPC)) 


"Shared RAM" which both the PC CPU and the Communications Co-processor can 
access via the IDPC Dual-Port Timing Controller. This RAM is used for communica- 
tions between the two processors. 


"Local RAM" which only the Communications Co-processor can access. This RAM is 
used for Co-processor data (e.g., stack and global variables) and executable code storage. 


Minimal ROM at absolute memory location hex "FFFFO" to allow for downloading of 


ITC board executable code during board initialization. Later implementations may place 
some or all of the Co-processor executable code in ROM. 
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3 Overview of the Software Layers 


Figure 1 shows the layering (partitioning) of the software including references to the Internation- 
al Standards Organization (ISO) seven-layered Open Systems Interconnection (OSI) Model. 


Application 
(layers 4- 7) 


Software Running 
on the PC CPU 


Software Running 
on the ITCB 


NLS : | | NLP 
(Layer 3) | (Layer 3) 












LAP 
(Layer 27) 


DSC LLD 


: IDPC LLD 
(Layer 2° ) 


(Layer 2° ) 


Figure 1. Software Layer Entities 
and Inter-layer Interfaces 
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The following basic mechanisms characterize each interface between adjacent software layers: 


1. SET OF WELL-DEFINED PRIMITIVES (also referred to as commands or messages) 
and associated § parameters that each layer uses to communicate with an adjacent layer. 


2. PRIMITIVE TRANSFER POINT by means of which a layer sends a primitive 
command code (and associated parameters) to be executed by an adjacent layer. All 
Primitive Transfer Points are uni-directional. Primitive Transfer Points are of two basic 
types: "acknowledged" and "unacknowledged." In the case of an "acknowledged" 
transfer point, the layer that is sending a primitive does not send another primitive 
through the transfer point until the layer receiving the primitive has explicitly acknowl- 

edged receipt of the first primitive. In contrast, a layer that is sending a primitive via an 
“unacknowledged” transfer point may send another primitive at any time without 
knowing or caring when the adjacent layer receives primitives sent earlier. 


In this architecture, an "acknowledged" transfer point is referred to as a "mailbox" and an 
“unacknowledged” transfer point is referred to as a "message exchange." A mailbox is further 
characterized by the fact that both the entity sending the primitive and the entity receiving the 
primitive can read and write the contents of the mailbox. In the case of a message exchange, the 
sending entity can only write to the transfer point; the receiving entity can only read from the 
transfer point. 


In general, a mailbox is used in a Primitive Transfer Point if the sending entity wishes for the 
receiving entity to process the primitive before the sending entity sends another primitive. A 
message exchange is used where this restriction is not necessary. In addition, the message 
exchange mechanism provided by many real time operating systems allow multiple primitives to 
be queued between layers. Later sections of this document describe the type of Primitive 
Transfer Point used at each inter-layer interface. 


The following sections outline the functions of each of the layers depicted in Figure 1, from the 
top down. 


3.1 Software Running on the PC CPU 


THE APPLICATION LAYER (Layer 7) interacts with the PC user to get network connection 
information (e.g., a telephone number to dial) and exchanges user data with the other end of an 


ISDN network connection. This data may take the form of a disk file or data typed interactively 
on the PC keyboard. 


THE DOS DEVICE DRIVER (Layers 4-6)! converts system call requests from the Applicati- 
on Layer (e.g., OPEN, WRITE, IOCTL) into primitives for the Coordinating Entity to execute. 


1 In the initial implementation the functions of the OSI Layers 4 to 7 are combined in an 
application module referred to as "Layer_4". 
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Similarly, the DOS Device Driver receives primitives from the Coordinating Entity (e.g., 
containing user data from the far end of the telephone connection) for transfer to the Application 
via a READ or IOCTL system call. 


3.2 Software Running on the Communications Co-Processor 


THE COORDINATING ENTITY (CE) coordinates the activities of the Network Layer Signal- 
ling (NLS) entity and the Network Layer Packet (NLP) entity. The NLS entity is responsible for 
Layer 3 out-of-band voice and data call setup while the NLP entity is responsible for Layer 3 
in-band call setup and transfer of user data. For example, for a circuit-switched data call, the CE 
ensures that the call has been setup (other end has answered the phone) via messaging on the 
ISDN D-Channel before allowing user data to be transferred on the circuit-switched ISDN 
B-Channel. 


THE MANAGEMENT ENTITY (ME) provides the glue necessary to make all the other layers 
running on the Communications Co-processor play together smoothly. Among the functions 
performed by the ME are to: 


* Handle protocol management tasks such as Q.921 TEI negotiation. 


* Control Low-Level-Driver functions which are not handied by Layer 2 such as 
Am79C30A DSC tone generation to the voice handset (e.g., dial tone). 


* Provide services such as timer services and buffer allocation. 


In this architecture, the interface between Coordinating Entity and Management Entity consists 
of direct subroutine calls instead of the more formal message exchange or mailbox Primitive 
Transfer Point mechanisms. Formal primitive transfer between the CE and the ME is eliminated 
in order to enhance performance as allowed by the ISO and CCITT standards. To all layers 
outside the CE and the ME, the two entities appear as separate and distinct. 


REAL TIME OPERATING SYSTEM In this software architecture, real-time operating system 
dependence is minimized by localizing all interactions with the real-time operating system in a 
few "operating system interface functions." (Subroutines are referred to as "functions" in the C 
programming language.) In the first AMD implementation of this architecture, real-time 
operating system services are provided by the Software Components Group, Inc., pSOS real-time 
operating system. 








LAYER 3 NETWORK LAYER SIGNALLING (NLS) entity exchanges out-of-band signal- 
ling messages on the D-Channel with the ISDN network to setup and teardown voice and data 
calls. These messages contain information such as the number to dial and information about call 
progress such as Dial Tone, Ringing or Busy, and Answered. The CCITT Q.931 specification 
describes the "core" signalling protocol used by the NLS. Each switch manufacturer adds its 
own optional signalling features to the Q.931 "core." 
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LAYER 3 NETWORK LAYER PACKET (NEP) entity provides reliable, error-controlled 
transfer of user data to and from the peer, independent of the Layer 2 protocol in use. 
(Depending on the type of logical connection used, the NLP entity may have to perform in-band 
cali setup before user data transfer can begin.) 


This architecture subdivides the NLP entity into Call Control and Data Phase components. 
Logical call connections that use the full CCITT X.25 Packet Layer Protocol use both the Call 
Control and Data Phase NLP components. 


LAYER 2 DATA LINK LAYER (DLDL) entity provides a reliable, error-controlled data 
transport service for carrying Layer 3 messages to and from the next link of a physical channel. 
This architecture supports CCITT Q.921 (LAPD) and X.25 Link Layer (LAPB) protocols at 
layer 2. The DLL entity interacts with the D-Channel Low-Level Driver and the B-Channel 
Low-Level Driver to transmit and receive frames on the ISDN D-Channel and B-Channel 
respectively. 


D-CHANNEL LOW-LEVEL DRIVER provides hardware independence to the Data Link 
Layer on the D-Channel by handling all details of programming the D-Channel interface chip 
(e.g., Am79C30A DSC) hardware registers. 


B-CHANNEL LOW-LEVEL DRIVER provides hardware independence to the Data Link 


Layer on the B-Channel by handling all details of programming the B-Channel interface chip 
(e.g., Am79C401 IDPC Data Link Controller) hardware registers. 
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4 Inter-Layer Interfaces 


4.1 Applications to MS-DOS Driver Interface? 


The DOS Device Driver supplied by AMD provides a consistent application interface for 
high-level application programs. The interface allows use of either DOS function calls or those 
provided by high-level languages, such as ’C’. A library module is also supplied which 
facilitates software coding and interface at the application layer. However, the DOS device 
driver, itself, is independent of the actual coding method used for the application. The host 
system must be running DOS Release 2.0 or later. The AMD ISDN DOS device driver is 
installed by placing the line: 


device=amd_bri.sys 


in the "config.sys" file on the host system. 


Application commands to the device driver can be placed in three categories: initialization 
commands, call control commands, and data transfer commands. These commands may be 
accessed by simple C function calls: "open()" (3DH), "close()" (3EH), "read()" (3FH), "writeQ" 
(40H), and “ioctl()" (44H, AL = 02H or 03H). Each command may also be accesed via DOS 
software interrupt 21H using the hexadecimal AH register function call code listed in 
parentheses following the C language function call name. 


An application opens up a channel via the "open()" (3DH) call and closes it via the "close()" 
(3EH) call. “IoctlQ" (44H, AL = 02H or 03H) is used to provide call control facilities to the 
application. Call control commands include application access and control of PAD attributes of 
the local (X.3) or remote (X.29) system. The only call that the application must make with 
“1octl()" is to CONNECT for establishing a call. "“Close()" will automatically do a DISCON- 
NECT on the call, if the application has not already done so via "ioctl().". ""ReadQ" (3FH) and 
"write()" (40H) are used for data reception and transmission. 


Initialization commands fall into two types: initialization of the ISDN code on the ITC board, 
and initialization of DOS device driver asynchronous event handling code within the application. 


The first type of initialization is done by a call to the DOS device driver library function 
"init_icp()." This function is called by an ITC board initialization program (".exe" module) 


which may be invoked in the "autoexec.bat" file at DOS boot time or executed interactively 
without rebooting DOS if the user has changed the "amd_bri.cup" ("Customer User Profile") file. 


2 Dos Device Driver is optional and will be available at a later date 
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The second type of initialization is performed within any application program which wishes to 
receive asynchronous events (e.g., receipt of expedited data) when the application calls the DOS 
device driver library function "bri_init()." "Bri_init()" (or the appropriate "ioctlQ)" (44H) call as 
described in the "ISDN DOS Device Driver Interface Reference Guide") must be used once in 
the application program to initialize asynchronous event handling within the application. 


Two files are used during ITC board initialization: "amd_bri.cod" which contains the ISDN 
code module, and "amd_bri.cup" ("Customer User Profile") which contains information 
pertaining to services subscribed to by the user from their ISDN network supplier. 


Call control commands are done via the "ioctl()" (44H, AL = 02H or 03H) function call. A 
user-named ’C’ structure of type "bri_struct" is used to pass necessary information. Commands 
which the application can access via "ioctl()" (but which it does not have to use, except for 
CONNECT) are: 


N_CONN to CONNECT to a far end-point 

N_DISC to DISCONNECT a far end-point 

N_FLOW to enable/disable FLOW control of data 
from far end-point 

N_EXPED to send EXPEDITED user data (dependent on 
CONNECT parameters) 

N_RESET to RESET the data link 

N_Q DATA to send/receive non-PAD (X.29) data 

N_INIT to INITIALIZE the ISDN software, if not 
already done , 

N_RESTART to INITIALIZE the ISDN software, 
unconditionally 
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In addition, commands are available via "ioctl()" to set local or remote PAD parameters (if PAD 
is in use for this call): 


P_SET to SET PAD parameters (iocal or remote) 

P_RD to READ PAD parameters (local or remote) 

P_S_RD to SET and READ PAD parameters (local or remote) 
P_PARM to obtain PAD parameters (in response to P_RD or P_S_RD) 


Any response from a PAD command (from P_RD or P_S_RD) is transmitted by calling the 
application-supplied handler routine (as given in the "bri_init()" function call). If the application 
has not supplied a handler routine, PAD responses can not be communicated to the application. 


"Bri_init()" has one parameter. The single argument of the "bri_init()" function is the address of 
the application-supplied function (the "BRI_INT handling function") that the DOS device driver 
is to call when a BRI_INT event occurs. This is how an application receives all call control and 
data progress messages and any response from a PAD command (i.e., from P_RD or P_S_RD). 


If the application does not want to supply an asynchronous event handler, then the application 
may pass NULL (0H) as the "bri_init()" argument. An application must supply an asynchronous 
event handling function if: 


the application is expecting to receive expedited data 
or 

the application is explicitly using X.29 commands 
or 

the application wants direct control over call control 

responses. 


A ’C’ global structure, "BRI_strct" of type "bri_struct," contains valid information when the 
DOS device driver calls the asynchronous event handling function. Another ’C’ global buffer, 
"BRI_data," contains with any incoming expedited data. Upon exit from the asynchronous event 
handling function, the "BRI_strct" struct will be marked invalid by the DOS device driver by 
setting the "command" struct element to zero. In general, it is wise for any application 
programmer to avoid usage of function calls beginning with bri_ or global data which begins 
with BRI_. 


4.2 Inter-processor Interface (Layer 4/Coordinating Entity Interface) 


This interface is the only interface in this architecture that crosses the boundary between the PC 
CPU and the ITC board Communications Co-processor. In the PC CPU to Comm Co-processor 
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direction (Layer 4 to CE), the interface consists of an "acknowledged" mailbox called "L4CE" 
and a hardware interrupt. See Figure 2. In the opposite direction, the interface consists of an 
"acknowledged" mailbox called "CELA" and a hardware interrupt. See Figure 3. 


There is a basic asymmetry in this interface. The Layer 4 entity generally waits for the CE to 
finish processing a primitive sent to the CE before Layer 4 continues processing. However, in 
the other direction, the CE does not wait for the Layer 4 to finish processing a primitive before 
continuing with other CE tasks. This asymmetry is a result of the fact that the Layer 4 is running 
as part of the single-tasking DOS operating system while the CE is running under the 
multi-tasking pSOS operating system. 


The primitives used between these layers are: 


N_CONN_RQ Request from LAYER 4 TO CE to establish connection. 

N_CONN_RS Response from LAYER 4 TO CE to indicate connection acknowl- 
edged by Layer 4. | 

N_DISC_RQ Request from LAYER 4 TO CE to disconnect connection. 

N_RES_RQ Request from LAYER 4 TO CE to RESET connection. 

N_RES_RS Response from LAYER 4 TO CE to indicate reset acknowledged. 
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N_DATA_RQ Request from LAYER 4 TO CE to transmit data. 

N_DACK_RQ Request from LAYER 4 TO CE to acknowledge receipt of data 
received from the CE. 

N_EXP_RQ Request from LAYER 4 TO CE to send expedited data. 

N_STAT_RQ Request from LAYER 4 TO CE to inform the CE of special 
conditions. 

N_START_RQ Request from LAYER 4 TO CE to start normal operation after ITC 
board initialization. 

N_CONN_IN Indication from CE TO LAYER 4 of an incoming connection. 

N_CONN_CF Confirmation from CE TO LAYER 4 of established connection. 

N_DISC_IN Indication from CE TO LAYER 4 of disconnection. 

N_RES_IN Indication from CE TO LAYER 4 of a data link reset. 

N_RES_CF Confirmation from CE TO LAYER 4 of requested data link reset. 

N_DATA_IN Indication from CE TO LAYER 4 of incoming data. 

N_DACK_IN Indication from CE TO LAYER 4 of far-end acknowledgement of 
receipt of data sent earlier by the local end. 

N_EXP_IN Indication from CE TO LAYER 4 of received expedited data. 

N_STAT_IN Indication from CE TO LAYER 4 of special status conditions. 


The "Coordinating Entity Interface Reference Guide" contains a detailed description of this 
interface. 


4.3 Intra-board Interfaces 


This section describes the nature of the interfaces between software layer entities running on the 
ITC board. 


4.3.1 ITC Real-Time Operating System 


The ITC board communications protocol layer entities - the NLS, NLP, and DLL entities - are 
specifically designed to be operating system independent. However, these entities must share the 


AmLink3 Interface Reference Guide 3-51 


Communication Co-processor in an efficient fashion. Furthermore, these protocol entities must 
exchange primitives in an orderly manner. The AmLink3 software architecture is designed to 
work with any real-time operating system which provides these basic services. 


The first AmLink3 software implementation uses the "pSOS-86 Real-Time, Multi-processing 
Operating System Kernal" ("pSOS") from Software Components Group, Inc. to provide the basic 
processor sharing and primitive message transfer functions. Operating system independence is 
maintained for the protocol entities by means of funneling all interactions with the real time 
operating system (OS) through carefully isolated operating system interface functions (subrou- 
tines). OS function calls are performed only in these operating system interface functions. Thus, 
if another operating system is to be substituted for pSOS, only the operating system interface 
functions need to be altered -- without affecting the protocol entities’ code. 


In the sections that follow, pSOS terminology is used to provide concrete illustrations. The 
reader should keep in mind that the functions provided by pSOS are provided in very similar 
form by other real time operating systems. 


Only a subset of pSOS’s capabilities are utilized in order to minimize operating system 
dependence in this implementation. The primary pSOS services used are its "messages 
exchanges" and related process scheduling functions. 


pSOS message exchanges are used primarily in this implementation to provide one-way 
primitive transfer FIFO’s between layer entities. A secondary use of message exchanges is for 
an occasional semaphore to allocate a physical resource (e.g., Coordinating Entity-to-Layer 4 
Mailbox) which is being contended for by several process entities. 


In general, a pSOS process is created for each inter-layer pSOS message exchange FIFO used. 
Other inter-layer interactions (e.g., Data Link Layer-to-Management Entity) take place via direct 
function (subroutine) calls rather than through pSOS. 


Since the number of processes is fixed (i.e., based on the static number of inter-layer message 
exchanges rather than the dynamic number of active network call connections), performance of 
the system is not significantly degraded due to process scheduling overhead as new logical 
connections are added. 


Both pSOS message exchanges and processes can have an associated four character mnemonic. 
The convention that is used in this document is to give the same name to both a given FIFO 
message exchange and the process that is driven by that message exchange. Example: The 
NLS-to-Coordinating Entity FIFO message exchange and the CE sub-entity pSOS process that 
unloads that FIFO are both named "S3CE." The corresponding NLP-to-CE FIFO and process 
are named "P3CE." 


4.3.2 Coordinating Entity/Network Layer -- Packet (Layer 3 NLP) Interface 


This interface consists of an "unacknowledged" pSOS message exchange in each direction. 
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In the CE-to-NLP direction, the CE formats a primitive message including parameters and calls 
the "ce_nlp_sndQ" function with a pointer to the primitive message as a function argument. 
Function "ce_nlp_snd()" calls the "SEND_X" pSOS function to queue the primitive on the 
"CEP3" pSOS message exchange. See Figure 4. 


The operating system independent NLP function "cep3()" processes primitives sent by the CE. 
Startup software that runs during ITC Board initialization creates process "CEP3" using function 
"cep3()" as the process’s starting address without "cep3()" having any "awareness" that it is 
running under pSOS. 


The "cep3()" NLP function calls the pSOS "REQ_X" function to get the next primitive from the 
CE to process. At the "REQ_X" call process "CEP3" is blocked from running by pSOS until 
there is a primitive in the "CEP3" message exchange. At that time, the "REQ_X” function 
returns to the "cep3()" function with a pointer to the primitive message as a function argument. 


In the NLP-to-CE direction, the NLP formats a primitive message including parameters and calls 
the "nlp_ce_sndQ)" function with a pointer to the primitive message as a function argument. 
Function "nlp_ce_snd()" calls the "SEND_X" pSOS function to queue the primitive on the 
"P3CE" pSOS message exchange. See Figure 5. 


The operating system independent CE function "p3ce()" processes primitives sent by the NLP. 
Startup software that runs during ITC Board initialization creates process "P3CE" using function 
"p3ce()" as the process’s starting address without "p3ce()" having any "awareness" that it is 
running under pSOS. 


The "p3ce()" CE function calls the pSOS "REQ_X" function to get the next primitive from the 
NLP to process. At the "REQ _X" call inside process "P3CE" is blocked from running by pSOS 
until there is a primitive in the "P3CE" message exchange. At that time, the "REQ X" pSOS 
function returns to the "p3ce()" function with a pointer to the primitive message as a function 
argument. 


A variety of commands and indications may be passed between the Coordinating Entity and the 
NLP. A variety of call processing primitives are necessary for in-band call setup in a X.25 
network. Other calls are used for data transfer and may be sent using LAPB (B-channel) or 
LAPD (D-channel) depending on the physical channel being used for the connection. The 
primitives used between these layers are: 


NLP_CONN_RQ Request from LAYER 3 NLP TO CE to establish in-band 
connection. 

NLP_CONN_RS Response from LAYER 3 NLP TO CE to indicate connection 
confirmed. 

NLP_DISC_RQ Request from LAYER 3 NLP TO CE to disconnect in-band 
connection. 
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NLP_RES_RQ 
NLP_RES_RS 


NLP_DATA_RQ 
NLP_DACK_RQ 
NLP_EXP_RQ 
NLP_CONN_IN 
NLP_CONN_CEF 


NLP_DISC_IN 
NLP_DISC_CF 


NLP_RES_IN 
NLP_RES_CF 


NLP_DATA_IN 
NLP_DACK_IN 


NLP_EXP_IN 


Request from LAYER 3 NLP TO CE to RESET data link. 


Response from LAYER 3 NLP TO CE to indicate RESET 
acknowledged. 


Request from LAYER 3 NLP TO CE to transmit data. 

Request from LAYER 3 NLP TO CE to acknowledge D-bit data. 
Request from LAYER 3 NLP TO CE to send expedited data. 
Indication from CE TO LAYER 3 NLP of an in-band connection. 


Confirmation from CE TO LAYER 3 NLP of established connec- 
tion. 


Indication from CE TO LAYER 3 NLP of in-band disconnection. 


Confirmation from CE TO LAYER 3 NLP of in-band disconnec- 
tion 


Indication from CE TO LAYER 3 NLP of a RESET on data link. 


Confirmation from CE TO LAYER 3 NLP of requested RESET 


data link. 
Indication from CE TO LAYER 3 NLP of incoming data. 


Indication from CE TO LAYER 3 NLP of far-end window 
rotation. 


Indication from CE TO LAYER 3 NLP of received expedited data. 


4.3.3 Coordinating Entity/Network Layer -- Signalling (Layer 3 NLS) Inter- 


face 


The CE/NLS interface consists of an "unacknowledged" pSOS message exchange in each 
direction. 


In the CE-to-NLS direction, the CE formats a primitive message including parameters and calls 


the "ce_nls_snd()" function with a pointer to the primitive message as a function argument. 
Function "ce_nls_snd()" calls the "SEND_X" pSOS function to queue the primitive on the 
"CES3" pSOS message exchange. See Figure 4. 
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The operating system independent NLS function "ces3()" processes primitives sent by the CE. 
Startup software that runs during ITC Board initialization creates process "CES3" using function 
"ces3()" as the process’s starting address without "ces3()" having any "awareness" that it is 
running under pSOS. 


The "ces3()" NLS function calls the pSOS "REQ_X" function to get the next primitive from the 
CE to process. At the "REQ _X" call process "CES3" is blocked from running by pSOS until 
there is a primitive in the "CES3" message exchange. At that time, the "REQ_X" function 
returns to the "ces3()" function with a pointer to the primitive message as a function argument. 


In the NLS-to-CE direction, the NLS formats a primitive message including parameters and calls 
the "nls_ce_snd()" function with a pointer to the primitive message as a function argument. 
Function "nls_ce_snd()" calls the "SEND_X" pSOS function to queue the primitive on the 
"S3CE" pSOS message exchange. See Figure 5. 


The operating system independent CE function "s3ce()" processes primitives sent by the NLS. 
Startup software that runs during ITC Board initialization creates process "S3CE" using function 
"s3ce()" as the process’s starting address without "s3ce()" having any "awareness" that it is 
running under pSOS. 


The "s3ce()" CE function calls function "nls_ce_rcv()" to get the next primitive from the NLS to 
process. "nls_ce_rcv()" calls the pSOS "REQ_X" function to get the next primitive from the 
"S3CE" message exchange. At the "REQ _X" call inside "nls_ce_rcv()," process "S3CE" is 
blocked from running by pSOS until there is a primitive in the "S3CE" message exchange. At 
that time, the "REQ_X" pSOS function returns to the "nls_ce_rcv(Q)" function. The 
“ce_nls_rcv()" function then returns to the "s3ce()" function with a pointer to the primitive 
message as a function argument. 


The primitives used between these layers are: 


NLS_CONN_RQ Request from CE to LAYER 3 NLS to establish connection using 
out-of-band signalling. 

NLS_CONN_RS Response from CE to LAYER 3 NLS to indicate connection 
confirmed. 

NLS_DISC_RQ Request from CE to LAYER 3 NLS to disconnect out-of-band 
connection. 

NLS_CONN_IN Indication from LAYER 3 NLS to CE of incoming connection 
using out-of-band signalling. 

NLS_CONN_CF Confirmation from LAYER 3 NLS to CE of out-of-band connec- 
tion completion. 

NLS_DISC_IN Indication from LAYER 3 NLS to CE of incoming out-of-band 
disconnect. 
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NLS_DISC_CF Confirmation from LAYER 3 NLS to CE that out-of-band discon- 
nect is complete. 


The "Network Layer Signalling Interface Reference Guide" contains a detailed description of 
this interface. 


4.3.4 Management Entity/Layer 3 NLP Interface 


The ME/NLP interface consists of an "acknowledged" mailbox in each direction. No pSOS 
message exchanges are involved. 


In the ME-to-NLP direction, the ME loads a primitive into the mailbox pointed to by the 
"ME_NLP" mailbox pointer and calls the "me_nlpservice()" function entry point in the NLP 
entity. See Figure 2. Once the NLP has finished processing the primitive, the NLP writes the 
receipt code in the mailbox and returns. 


In the NLP-to-ME direction, the NLP loads a primitive into the mailbox pointed to by the 
"NLP_ME" mailbox pointer and calls the "nlp_meservice()" function entry point in the ME. See 
Figure 3. Once the ME has finished processing the primitive, the ME writes the receipt code in 
the mailbox and returns. 


A variety of commands and indications may be passed between the Management Entity and the 
NLP. These primitives are used for timer management and buffer allocation and deallocation. 
The primitives used between these layers are: 


MNLP_AS_RQ Request from ME to LAYER 3 NLP to assign LCI/SAPI. 

MNLP_RM_RQ Request from ME to LAYER 3 NLP to disassociate LCI/SAPI 
from conn. 

MNLP_TM_RS Response from ME to LAYER 3 NLP indicating timer expiration. 

MNLP_TM_IN Indication from LAYER 3 NLP to ME indicating timer service 
needed. 

MNLP_BF_IN Indication from LAYER 3 NLP to ME indicating buffer service 
need. - 

MNLP_CID_IN Indication from LAYER 3 NLP to ME indicating that a Connec- 
tion ID (ConnID) is needed. 

MNLP_ER_IN Indication from LAYER 3 NLP to ME indicating an error 
condition. 
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4.3.5 Management Entity/Layer 3 NLS Interface 


The ME/NLS interface consists of an "acknowledged" mailbox in the NLS_to_ME direction. No 
pSOS message exchanges are involved. 


In the NLS-to-ME direction, the NLS loads a primitive into the mailbox pointed to by the 
"NLS_ME" mailbox pointer and calls the "nls_meservice()" function entry point in the ME. See 
Figure 3. Once the ME has finished processing the primitive, the ME writes the receipt code in 
the mailbox and returns. 


The primitives used between these layers are: 


MNLS_CP_IN Indication from LAYER 3 NLS to ME indicating call setup 
progress. 

MNLS_BF_IN Indication from LAYER 3 NLS to ME indicating buffer service 
need 

MNLS_CID_IN Indication from LAYER 3 NLS to ME indicating that a Connec- 
tion ID (ConnID) is needed. 

MNLS_ER_IN Indication from LAYER 3 NLS to ME indicating an error 
condition. 


4.3.6 Layer 3/Layer 2 (NLP/LAPD, NLP/LAPB, and NLS/LAPD) Interface 


The interface between the Layer 2 Data Link Layer entity (LAPB/LAPD) and Layer 3 is not 
symmetric. This is due to the fact that Layer 3 (NLS or NLP) does not care, with received data, 
what physical channel was used. In the other direction, Layer 2 (LAPB/LAPD) does not care 
which Layer 3 entity (NLS or NLP) is sending data to be transmitted -- only which physical 
channel and logical link (CES:SAPI) are to be used. (Note: The terms "CES," "SAPI,", and 
"CEI" are defined in CCITT Q.921.) 


In both directions, the CES component of the CEI parameter found in each Layer 2/Layer 3 
primitive is used to translate between physical channel and appropriate Layer 3 entity -- NLS or 
NLP. In this architecture, there is always a fixed relationship between a given CES and a 
particular physical channel. In the Layer 3 to Layer 2 direction, CES = CES_DNUPX25 
(D-Channel Nailed-up X.25) and CES = CES_NLS imply D-Channel; all other CES’s imply 
B-Channel by default. In the other direction, CES = CES_NLS implies NLS; all other CES’s 
imply NLP. 


In the Layer 3 to Layer 2 direction, the Layer 2 "front-end" is a pSOS process named "L3L2." 


The "L3L2" process waits (via the pSOS "REQ_X" function) for a message on the Layer 
3-to-Layer 2 pSOS message exchange named "L3L2." 
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When process "L3L2" runs as a result of the presence of a primitive in the "L3L2" message 
exchange, process "L3L2" translates the CEI in the primitive to the appropriate physical channel, 
copies the primitive to the appropriate L3L2 mailbox based on the physical channel and invokes 
LAPB/LAPD via the "13_12service()" function to process the primitive. When the Am- 
LINK(TM) package finishes processing the primitive and returns from "13_12service()", the 
"L3L2" process checks the mailbox receipt code and relinquishes the processor by executing the 
"REQ_X" pSOS function on the "L3L2" message exchange. 


In the Layer 2 to Layer 3 direction, the Layer 3 "front-end" is the function "12_]3service()." 
Once a primitive has been loaded into the appropriate "L2L3mbox" based on physical channel, 
LAPD/LAPB calls function "12_13service()." This function uses the CEI (CES:SAPI) parameter 
found in the "L2L3mbox" to determine whether the primitive should be delivered to the NLS or 
_ tothe NLP entity. Function "12_13service()" then calls the pSOS "SEND_X" function to send 
the primitive to the appropriate pSOS message exchange -- "L2S3" for NLS or "L2P3" for NLP. 
Function "12_I3service()" then writes the "L2L3mbox" receipt code before returning. 


A number of primitives are used for information transfer between Layers 2 and 3. Note that the 
primitives do not differentiate between NLS and NLP, which is appropriate as, in a proper OSI 
implementation, layer 2 should not know what the content of data is. 


DL_EST_RQ Request from Layer 3 to establish link layer connection. 
DL_REL_RQ Request from Layer 3 to tear down link layer connection. 
DL_DA_RQ Request from Layer 3 to transmit sequenced data. 
DL_U_DA_RQ Request from Layer 3 to transmit unacknowledged data. 
DL_EST_IN _ Indication to Layer 3 that link layer connection is established. 
DL_REL_IN Indication to Layer 3 that link layer connection is torn down. 
DL_U_DA_IN Indication to Layer 3 of received unacknowledged data. 
DL_DA_IN Indication to Layer 3 of received data. 

DL_EST_CF Confirmation to Layer 3 that link layer connection is established. 
DL_REL_CF Confirmation to Layer 3 that link layer connection is torndown. 


The "ISDN AmLINK(TM) Interface Reference Guide" contains a detailed description of this 
interface. 
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5 Inter-Layer Control Entry Points 


Whenever a primitive is transferred between software layer entities or when a hardware interrupt 
occurs, a software entity is invoked to process the primitive or the hardware interrupt. These 
software entities are of three basic types: 

* pSOS Processes. 

* Function call entry points. 


* Interrupt handlers. 


This section summarizes the various software entities of these three types. 


5.1 pSOS Processes 


All pSOS processes run on the ITC Board and are created and started by ITC Board initialization 
code following ITC Board hardware reset. Each process is created with starting address equal to 
the operating system independent function (subroutine) listed in the "Description" column. Each 
process receives primitives to process from a pSOS message exchange with the same name as 
the "pSOS Process Name." 


psOS 

Process 

Name Description 

CEP3 Layer 3 Network Layer Packet (NLP) function "cep3()" which receives and 
processes primitives sent by the Coordinating Entity (CE). 

CES3 Layer 3 Network Layer Signalling (NLS) function "ces3()" which receives and 
processes primitives sent by the Coordinating Entity (CE). 

P3CE Coordinating Entity (CE) function "p3ce()" which receives and processes 
primitives sent by the Layer 3 Network Layer Packet (NLP) entity. 

S3CE Coordinating Entity (CE) function "s3ce()" which receives and processes 
primitives sent by the Layer 3 Network Layer Signalling (NLS) entity. 

L3L2 Layer 2 function "1312()" which receives and processes primitives sent by both 
the Layer 3 Network Layer Signalling (NLS) and Layer 3 Network Layer Packet 
(NLP) entities. 

L2P3 Layer 3 Network Layer Packet (NLP) function "12p3Q)" which receives and 


processes primitives sent by Layer 2. 
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L2S3 


DLL2 


Layer 3 Network Layer Signalling (NLS) function "12s3()" which receives and 
processes primitives sent by Layer 2. 


Layer 2 function "dll2.c" which receives and processes primitives sent by the 
Low Level Drivers. 


5.2 Function Call Entry Points 


Function call entry points involve direct function (subroutine) calls between software entities. 
All "service" function entry points run on the ITC Board. 


Function 
Name 


user-supplied, 
user-named 
AEH 


nlp_meservice() 


nls_meservice() 


me_nlpservice() 


Description 


PC CPU DOS Device Driver functions called by the user application 
running on the PC CPU to establish and teardown calls and transfer user 
data. 


PC CPU application "Asynchronous Event Handler" function which 
processes asynchronous events (e.g., receipt of expedited data or far end 
disconnect) when called by the DOS device driver. The DOS device 
driver is notified of the starting address of the AEH function via an 
application call of the DOS device driver "bri_init()" library function. 


Management Entity (ME) function which the Layer 3 Network Layer 
Packet (NLP) entity calls to process an NLP-to-ME primitive. 


Management Entity (ME) function which the Layer 3 Network Layer 
Signalling (NLS) entity calls to process an NLS-to-ME primitive. 


Layer 3 Network Layer Packet (NLP) function which the Management 
Entity (ME) calls to process an ME-to-NLP primitive. 


Function cali entry points between the Management Entity and Layer 2 are described in the 
"ISDN AmLINK(TM) Interface Reference Guide." Function call entry points between the 
Management Entity and the D-Channel and B-Channel Low-Level Drivers are described in the 
Low-Level Driver Reference Guides for the D-Channel and B-Channel interface chips that are 
used in a given implementation of this architecture. 


5.3 Interrupt Handlers 


Interrupt handlers are invoked as a result of a hardware interrupt or 80X8X software interrupt. 
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Interrupt 


Handler 

Name Description 

CEL4 PC CPU DOS Device Driver hardware interrupt handler invoked when 
the ITC Board Coordinating Entity (CE) executes the ITC-to-PC CPU 
hardware interrupt. 

LACE ITC Board Coordinating Entity (CE) hardware interrupt handler invoked 
when the PC CPU DOS Device Driver executes the PC CPU-to-ITC 
hardware interrupt. 

TISR ITC Board Management Entity (ME) hardware interrupt handler invoked 


when the 80188 hardware timer 2 interrupt occures. 
It is beyond the scope of this document to specify the nature of the D-Channel and B-Channel 


chip-specific hardware interrupt handlers and other hardware dependent (e.g., hardware timer) 
interrupt handlers. 
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6 Global Architectural Features 


In order to optimize performance in certain critical areas, the following conventions are adopted 
that span more than one inter-layer boundary: 


BUFFER "HOLES" 


When Layer 4 is preparing to execute an N_DATA_REQUEST or N_EXPEDITED_DA- 
TA_REQUEST, it copies user data to a shared memory buffer that has been allocated by 
the ITC board processor. Layer 4 copies the user data to an address that is offset by 
seven bytes from the start of the buffer, leaving a seven-byte "hole" at the front of the 
buffer. This is done to leave room for the protocol headers that Layer 3 and Layer 2 will 
put "in front of” the user data before it is transmitted. (Similarly, when Layer 3 allocates 
a buffer to contain a packet that it wishes for Layer 2 to transmit, Layer 3 leaves a 
four-byte "hole" for the Layer 2 header.) 


This "awareness" of the "hole" by Layer 3 and Layer 2 avoids the time-consuming need 
for each of these layers to recopy the data to a new buffer each time a new protocol 
header is to be attached. 


BUFFER "REFNUMS" 


The ITC board Management Entity is given the responsibility for managing all 
dynamically allocated shared memory buffer allocation and deallocation. After a buffer 
is allocated, it is frequently the case that less than the full buffer is actually filled with 
data. Also, the starting address of data within a buffer changes as each layer processes 
and discards its layer protocol header before passing the buffer to the next higher layer. 
In order to avoid the need for each layer to keep track of the original size and starting 
address of a buffer, the ME provides an identifier for each buffer at allocation time that is 
known as a buffer Reference Number or "refnum." When it is time for a buffer to be 
deallocated, the entity that is finished with the buffer only needs to pass the refnum 
associated with the buffer to the ME instead of the original buffer size and starting 
address. 
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FLOW CONTROL 


When an entity that is receiving or transmitting data is running out of buffer space, it is 
important that flow control be exercised as soon as possible. If a flow control message 
must travel through several layers of software, then flow control will be inefficient 
because of the overhead of each layer’s processing of the message and related real-time 
operating system message exchange and scheduler overhead. The more inefficient the 
flow control, the more buffer space must be kept in reserve to store data that was sent 
after the throttling entity sent the flow control message but before the entity being 
throttled receives the flow control message. The more quickly responsive the flow 
control, the more efficiently the existing buffer space can be used and less often will be 
the need for retransmission of data discarded because of lack of buffer space. 


In order to minimize the delay in exerting flow control, the following mechanisms are 
used in this architecture: 


THROTTLING THE APPLICATION 


The Coordinatity Entity/Management Entity (CEME) keeps track of how many 
buffers are in use. During a buffer alocate operation, when the number of buffers 
in use exceeds a defined constant number of buffers ("High water mark"), the 
CEME sends a N_STATUS_INDICATION (FLOW_ON) primitive to Layer 4 to 
exert flow control. This causes Layer 4 to cease sending N_ DATA_REQUEST 
primitives until flow control is turned off. 


During a buffer deallocation operation, when the number of buffers in use is less 
than a defined constant number of buffers ("Low water mark"), the CEME sends 
an N_STATUS_INDICATION (FLOW_OFF) primitive to Layer 4 to turn off 
flow control. This allows Layer 4 to again transfer N._ DATA_REQUEST 
primitives. 
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7 Initialization 


7.1 DOS Device Driver Initialization 


Like any installable DOS device driver, the AMD ISDN BRI DOS Device Driver is loaded at 
boot time via an entry in the "config.sys" disk file. As part of the device driver load process, 
DOS invokes the device driver "device initialization code" to allow the device driver to prepare 
to receive function calls (e.g., "open()," "ioctl(),", etc.). 


Once the DOS Device Driver is ready to receive the first function calls, ITC board initialization 
is done via a call to the DOS device driver library function "init_icp()." This function is called 
by an ITC board initialization program (".exe" module) which may be invoked in the 
"autoexec.bat" file at DOS boot time or executed interactively without rebooting DOS if the user 
has changed the "amd_bri.cup" ("Customer User Profile") file. The initialization does several 
things: downloads executable code to the ITC board, initializes configuration tables, initiates 
code processes on the ITC board, passes along subscriber configuration information for the 
ISDN link, and obtains a buffer from the ITC board for subsequent commands. 


The DOS device driver will use a map table set up in a header block of downloadable code to 
specify locations and lengths of downloaded code. The device driver will then pass the data, and 
block address, to a bootstrap routine on the ITC board, with that process worrying about proper 
final locations. The exact structure and memory mapping needed for initialization of the code on 
the board is yet to be defined. The ITC bootstrap routine will then call the "mainQ" function in 
the downloaded code to initialize pSOS and the ISDN software. The ITC board initialization 
scenario is described in some detail in the section that follows. 


7.2 ITC Board Initialization 


Hardware reset causes the 80186 processor on the board to jump to location hex FFFFO. A small 
routine (the "ITC bootstrap routine") in ROM at that address loops checking the for a 
DOWNLOAD byte command from the PC CPU. 


Software running on the PC CPU starts the download of the ITC software by sending the 
DOWNLOAD command to the ITCB via shared RAM. When the ROM routine detects the 
DOWNLOAD comman, it interacts with the PC CPU to downioad the board software using 
shared RAM and a prearranged download protocol. 


Once this step is complete, the PC CPU writes the starting address of the board software to 
shared RAM. The PC CPU then writes GO command to shared RAM. 


When the ROM routine detects the GO command, it performs an indirect jump to the starting 
address of the code. 
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At this point, the downloaded board software initialization code starts to run. The board init 
code interacts with the PC CPU software via commonly agreed shared memory locations and 
bi-directional hardware interrupts to download pSOS and to download the "amd_bri.cup" 
run-time parameter file which contains such parameters as the following: 
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Call Setup/Maintenance TEI (x81 for Auto) 

D-Channel X.25 (non-Auto) TEI 

Minimum D-Channel X.25 LCI - 2-way 

Maximum D-Channel X.25 LCI - 2-way 

Minimum B-Channel X.25 LCI - 2-way 

Maximum B-Channel X.25 LCI - 2-way 

Minimum D-Channel X.25 LCI - 1-way outgoing 

Maximum D-Channel X.25 LCI - 1-way outgoing 

Minimum B-Channel X.25 LCI - 1-way outgoing 

Maximum B-Channel X.25 LCI - 1-way outgoing 

Default Service Type 

Default Voice B-Channel 

Default Data B-Channel 

DSC LLD Init Parms (SET_CLK parm, SET_PWR parm, 
MAP IPB and DLC IPB images?) 

IDPC DLC LLD Init Parameters (DLC IPB image 7?) 

Count of Permanent Virtual Circuits (N PVC’s) 

PVC #0 LCI 

PVC #0 Physical Channel 


PVC #N-1 LCI 
PVC #N-1 Physical Channel 
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At this point, the board init code: 


* Calls layer entity init functions that are not part of any pSOS process startup 
initialization (e.g., ME internal initialization) 


* Starts pSOS 

* Creates all pSOS messages exchanges 

* Spawns and activates all pSOS processes. Each pSOS process runs briefly (performing 
startup initialization duties) and then is blocked by pSOS, waiting for a message on the 


pSOS message exchange with the same name (e.g., "S3CE") as the process. 


* Perform all D-Channel and B-Channel Low-Level Driver commands necessary to 
initialize the D-Channel and B-Channel interface chips’ hardware. 


At this point, Layer 4 sends an "N_START_REQUEST" primitive which causes the CE to: 


* Allocate an ITC Board shared RAM buffer for the Layer 4 to use in future Layer 
4-to-CE primitive transfers that require an indirect parameter block. 


* Perform protocol-related duties such as TEI negotiation and assignment. 
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1 General Description 


1.1 Purpose 


This document describes the interface between the Coordinating Entity (CE) and the Layer 3 
Network Layer Signalling (NLS) entity running on the ICP board. The purpose of this interface 
is to allow the orderly transfer of out-of-band call setup primitives between the CE and the NLS. 


1.2 Development Environment 


The Layer 3 Network Layer Signalling (NLS) module is implemented using Microsoft ’C’ 
compiler Version 4.0 and the Microsoft Macro Assembler Version 5.0. 


2 Functional Description 


The major components of this interface are as follows: 


* A message exchange ("unacknowledged Primitive Transfer Point") in each of two 
directions: CE-to-NLS and NLS-to-CE. 


* A mailbox (“acknowledged Primitive Transfer Point") in each of two directions: 
ME-to-NLS and NLS-to-ME. 


* A set of primitives (Command codes) associated with each uni-directional message 
exchange and mailbox. 


* A set of parameters associated with each primitive. 


2.1 Inter-Layer Functional Interfaces 


The functional interfaces between the NLS entity and adjacent layers (levels) are of two basic 
types: "acknowledged" and "unacknowledged" Primitive Transfer Points. At an "acknowledged" 
type of inter-layer interface, the entity sending a primitive waits for the receiving entity to 


3-70 AmLink3 Interface Reference Guide 


acknowledge receipt of the primitive before the sending entity proceeds with any further 
processing. In the "unacknowledged" case, when a layer entity sends a primitive, it does not 
wait for any acknowledgement of receipt of the primitive before proceeding. (These basic types 
are described in greater detail in the "AMD ISDN BRI Software Architecture Reference Guide.") 


In different implementations, the physical mechanisms used to provide "acknowledged" and 
"unacknowledged" Primitive Transfer Points may vary. For example, the "unacknowledged" 
type Primitive Transfer Point may be implemented using the inter-process message queue 
services provided by one of the many real-time operating systems available. 


The NLS entity is designed to be independent from the physical mechanisms used to transfer 
primitives to and from adjacent layers. All primitive transfers with other layers are accomplished 
via operating system-independent inter-entity function calls. If a user wishes to change the 
physical mechansim for sending and receiving inter-layer primitives at a particular inter-layer 
interface, it is only necessary to re-write the appropriate inter-entity interface functions. For the 
NLS, these functions are: 


nls_meservice() Called by the NLS to notify the ME that the NLS has placed a 
primitive to be executed in the appropriate "acknowledged" 
Primitive Transfer Point. 


ce_nls_snd() Called by the Coordinating Entity to send a primitive to the 
NLS entity via the appropriate "unacknowledged" Primitive 
Transfer Point. 


ces3() NLS function used to receive a primitive from the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


nls_ce_snd() Called by the NLS to send a primitive to the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


s3ce() Coordinating Entity function used to receive a primitive to the 
NLS entity via the appropriate "unacknowledged" Primitive 
Transfer Point. 


12_nls_sndQ) Called by Layer 2 to send a primitive to the NLS entity via the 
appropriate "unacknowledged" Primitive Transfer Point. 


12s3Q0) NLS function used to receive a primitive from Layer 2 (LAPD) 
via the appropriate "unacknowledged" Primitive Transfer Point. 


nls_12_sndQ Called by the NLS to send a primitive to Layer 2 (LAPD) via 
the appropriate "unacknowledged" Primitive Transfer Point. 
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13120 Layer 2 function used to receive a primitive from the NLS 
entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


Note: Function names ending in "service" denote inter-entity service functions used with 
“acknowledged” Primitive Transfer Points. Function names ending in "_snd" and "_rcv" indicate 
inter-entity functions used with "unacknowledged" Primitive Transfer Points. 


For the sake of brevity, an "acknowledged" Primitive Transfer Point is referred to as a "mailbox" 
in the rest of this document. An “unacknowledged” Primitive Transfer Point is referred to as a 
"message exchange." 


2.2 Inter-Layer Communication 


The following sections describe the primitives, and their parameters, of communications between 
the Layer 3 Network Layer Signalling (NLS) package and the Coordinating Entity and 
Management Entity. Primitives between NLS and Layer 2 (LAPB/LAPD) are described in 
"ISDN AmLINK Interface Reference Guide." The primitives listed here describe in detail the 
format of the messages to be passed, but do not specifically tie down the code to the method of 
passage. This is done deliberately, once again, to preserve operating system independence. 
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2.3 CE and NLS Communication Interface 


The interface between the Coordinating Entity and the NLS entity uses message queues, as 
described in the inter-layer functional interfaces section. Messages between the NLS and the 
Coordinating Entity are concerned with the out-of-band setup and teardown of circuit-switched 
voice and data calls. Most messages are able to be self-contained within the size of a message 
block. Incoming CONNECT messages and outgoing call CONNECT requests have more 
information associated with them than can be contained within a message block. Therefore, they 
make use of an additional buffer which is used to contain parameters. This is referred to as an 
"indirect parameter block." 
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2.3.1 CE to NLS Interface 


The CE-to-NLS interface primitives are communicated via the "CES3" message exchange. 


The structure of a message sent by the CE to the "CES3" message exchange is as follows: 


Message 

Length Offset 
Parameter (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 

(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the CE to the NLS uses only a few of the parameters listed above. The 

detailed description of each primitive indicates which parameters are used for that primitive. 
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The following is a C language representation of the Layer 4/CE/NLP/NLS common message 
structure: 


struct 14_ce_13_msg { 
unsigned long reserved; /* reserved for oper sys use */ 
unsigned long home_exch; /* reserved for oper sys use */ 
unsigned char primcode; /* primitive command code */ 
unsigned char receipt; /* primitive receipt code */ 
unsigned char d_attrib; /* data attributes */ 
unsigned short datalen; /* length of data buf */ 
unsigned short refnum; /* refnum of data buf */ 
unsigned char cause[2]; /* cause of DISC,RESET,STATUS */ 
unsigned short Ici; /* Logical Channel Number */ 
unsigned char connid; /* CONNection ID */ 
char (far *dataptr); /* ptr to prim-specific data buf */ 


9 


In the CE-to-NLS direction the CE formats a primitive message including parameters and calls 
the "ce_nls_snd()" function with a pointer to the primitive struct as a function argument. The 
NLS is awakened within the "ces3()" function when the message is received from the CE. 


The following primitives are used for communication from the Coordinating Entity to NLS: 


NLS_CONNECT_REQUEST Request for NLS to establish a 
logical connection. 


NLS_CONNECT_RESPONSE Response indicating that CE 
accepts an incoming logical 
connection. 


NLS_DISCONNECT_REQUEST Request for NLS to disconnect a 
logical connection. 
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2.3.2 NLS to CE Interface 


The NLS-TO-CE interface primitives are communicated via the "S3CE" pSOS message 
exchange. 


The structure of a message sent by the NLS to the "S3CE" message exchange is as follows: 


Message 

Length Offset 
Parameters (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code l 8 
Receipt Code 1 9 
Data Attributes l 10 
Data Length Z 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCD 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the NLS to the CE uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 


In the NLS-to-CE direction the NLS formats a primitive message including parameters and calls 


the "nls_ce_snd()" function with a pointer to the primitive struct as a function argument. The CE 
is awakened within the "s3ce()" function when the message is received from the NLS. 
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The following primitives are used for communication from NLS to the Coordinating Entity: 


NLS_CONNECT_INDICATION _Indication to CE of an 
incoming attempt to establish 
a logical connection. 


NLS_CONNECT_CONFIRM Confirmation to CE of 
successful establishment of 
an outgoing logical 
connection. 


NLS_DISCONNECT_INDICATION _ Indication to CE of an 
incoming disconnection of a 
logical connection. 


NLS_DISCONNECT_CONFIRM Confirmation to CE of 


successful disconnection of a 
logical connection. 
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2.4 ME and NLS Communication Interface 


The interface between the Management Entity and the NLS entity uses "acknowledged" 
mailboxes, as described in the inter-layer functional interfaces section. Primitives between the 
NLS and the Management Entity are concerned with timer and buffer allocation/deallocation and 
call progress (e.g., dial tone or busy) status updating. 
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2.4.1 NLS to ME Interface 


The NLS-to-ME interface primitives are communicated via the NLS_ME_Mailbox. The 
NLS_ME_ Mailbox is at a fixed location in RAM. 


The structure of the NLS_ME_ Mailbox is as follows: 


Length 

(Bytes) 
Primitive Code 1 
Receipt Code 1 
Primitive Parameters 14 


To initiate a primitive transfer, the NLS writes a primitive code, any associated parameters, and a 
hex FF receipt code in the NLS_ME_ Mailbox (pointed to by the "NLS_ME" mailbox pointer) 
and calls the "nls_meservice()" function entry point in the the ME entity. Once the ME has 
finished processing the primitive, the ME writes the receipt code in the mailbox and returns. 


The following primitives are used for communication from the NLS entity to the Management 
Entity: 


MNLS_SIGNAL_INDICATION Indication from the NLS to the 
ME that a call progress NLS 
message (e.g., indicating dial 
tone) has arrived. 


MNLS_TIMER_INDICATION Request from the NLS to the ME 
to start a timer for the NLS. 


MNLS_BUFFER_INDICATION Request from the NLS to the ME 
to allocate or deallocate a 
buffer. 


MNLS_CONNID_INDICATION Request from the NLS to the ME 
to allocate a Connection ID. 


MNLS_ERROR_INDICATION Indication from the NLS to the 


ME that an NLS Error has 
occurred. 
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The valid Receipt Code values are: 


Code 
(Hex) Description 
FF set by NLS before calling ME 
00 set by ME to indicate successful reception of the primitive 
11 set by ME to indicate error -- primitive ignored 
3-80 
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3 Detailed Functional Specifications 


In this section the NLS and MNLS primitives and their associated command/event codes and 
parameters are described in more depth. 


The NLS primitives are used for communication interface between the Coordinating Entity and 
the NLS. The MNLS primitives are used between the Management Entity and the NLS. 


In case of 2 byte long parameters, the least significant byte is loaded first. For example if 
LENGTH is a 2 byte long parameter the parameter field will have the following format: 


Octet 1 Low order 8 bits of LENGTH (LSB) 
Octet 2 High order 8 bits of LENGTH (MSB) 


In case of address parameters, the parameter will occupy four bytes and will have the format as 
described below: 


Octet 1 Low order 8 bits of the OFFSET 
Octet 2 High order 8 bits of the OFFSET 
Octet 3 Low order 8 bits of the SEGMENT 
Octet 4 High order 8 bits of the SEGMENT 


Each primitive description contains the following information: 


PRIMITIVE: The name of the primitive 

CODE: Mnemonic code representing the primitive 

INPUT: Input parameters required for this primitive 
DESCRIPTION: The function provided by this primitive 

NOTES: Special considerations or characteristics of this primitive 
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In addition, MNLS primitives require two additional information sections, due to their use of 
"acknowledged" mailboxes: 


OUTPUTS: Any output parameters placed into the mailbox by the entity 
receiving the primitive, for use by the requesting entity upon 
acknowledgement of the primitive 


RECEIPT CODES: Codes entered into the receipt code field of the mailbox 
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3.1 CE to NLS Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Coordinating Entity to 
the NLS entity are described in this section. 
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3.1.1 NLS_CONNECT REQUEST 


PRIMITIVE: NLS_CONNECT_REQUEST 
CODE: NLS_CONN_RQ 
INPUTS: ConnID | 

Data Addr = 


Indirect Parameter Blk Address 
Data Refnum = 
Indirect Parameter Blk Refnum 


Indirect Parameter Block 
Voice/Data Indicator 

Service Type 

Reserved 

Channel Type 

Reserved 

Out-of-Band Called Address Length 
Out-of-Band Called Address Offset 
Out-of-Band Calling Address Length 
Out-of-Band Calling Address Offset 
Reserved 

User Data Block 1 Addresss Length 
User Data Block 1 Addresss Offset 
User Data Block 2 Address Length 
User Data Block 2 Address Offset 
Out-of-Band Called Addresss 
Out-of-Band Calling Address 

User Data Blocks 1 and 2 


DESCRIPTION: Request for NLS to establish a logical 
connection. 
NOTES: VOICE/DATA INDICATOR 
Voice/Data Indicator 
0 Data call 
1 Voice call 
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Bytes 


a ce a NO ell oe 


variable 
variable 
variable 


SERVICE TYPE 


Service Type 
0 Use init default 
1 DMI Mode 3 
2 Nailed-up X.25 
3 X.31 
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3.1.2 NLS_ CONNECT_RESPONSE 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


3-86 


NLS_CONNECT_RESPONSE 
NLS_CONN_RS 


ConnID 
Data Length = 

Optional User Data Length 
Data Address = 

Optional User Data Address 
Refnum = 

Optional User Data Refnum 


Response to NLS indicating that CE accepts 
an incoming logical connection. 


Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Refnum and Data Address 
inputs are not used. 
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Bytes 


peach 


Yu SP ON 


3.1.3 NLS_ DISCONNECT REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLS_DISCONNECT_REQUEST 
NLS_DISC_RQ 


ConnID 
Cause 
(only 1 byte used for Q.931 - SESS BRI 
Spec p. [V-28) 

Data Length = 

Optional User Data Length 
Data Address = 

Optional User Data Address 
Data Refnum = 

Optional User Data Refnum 


Request for NLS to disconnect a logical 
connection. 


Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Refnum and Data Address 
inputs are not used. 


AmLink3 Interface Reference Guide 


Bytes 
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3.2 NLS to CE Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the NLS entity to the 
Coordinating Entity are described in this section. 
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3.2.1 NLS_CONNECT_ INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NLS_CONNECT_INDICATION 
NLS_CONN_IN 


Data Address = 

Indirect Parameter Blk Address 
Data Refnum = 

Indirect Parameter Blk Refnum 


Indirect Parameter Block 
Voice/Data Indicator 

Service Type 

Reserved 

Out-of-Band Called Address Length 
Out-of-Band Called Address Offset 
Out-of-Band Calling Address Length 
Out-of-Band Calling Address Offset 
Reserved 

User Data Block 1 Addresss Length 
User Data Block 1 Addresss Offset 
User Data Block 2 Address Length 
User Data Block 2 Address Offset 
Out-of-Band Called Address 
Out-of-Band Calling Address 

User Data Blocks 1 and 2 


Indication to the CE of an incoming 
logical connection. 
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Bytes 


variable 
variable 
variable 
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NOTES: VOICE/DATA INDICATOR 


Voice/Data Indicator 
0 Data call 
1 Voice call 
SERVICE TYPE 
Service Type 
0 Use default 
1 DMI Mode 3 
2 Nailed-up X.25 
3 X.31 
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3.2.2 NLS_CONNECT CONFIRM 


PRIMITIVE: NLS_CONNECT_CONFIRM 
CODE: NLS_CONN_CF Bytes 
INPUTS: ConnID 1 
Data Length = 
Optional User Data Length 
Data Address = 


Optional User Data Address 
Data Refnum = 
Optional User Data Buffer Refnum 


No FS WN 


DESCRIPTION: Confirmation to CE of successful 
logical connection. 


NOTES: Optional User Data is not present if the 
Data Length parameter 1s zero. In this 
case, the Data Refnum and Data Address 
inputs are not used. 
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3.2.3 NLS_ DISCONNECT INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 
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NLS_DISCONNECT_INDICATION 
NLS_DISC_IN 


ConnID 
Cause 
(only 1 byte used for Q.931 - SESS BRI 
Spec p. IV-28) 
Data Length = 
Optional User Data Length 
Data Address = 
Optional User Data Address 
Data Refnum = 
Optional User Data Buffer Refnum 


Indication to CE that a logical 
connection has been disconnected. 


Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Refnum and Data Address 
inputs are not used. 
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Bytes 


3.2.4 NLS_DISCONNECT CONFIRM 


PRIMITIVE: NLS_DISCONNECT_CONFIRM 

CODE: NLS_DISC_CF Bytes 
INPUTS: ConnID 1 
DESCRIPTION: Confirmation to the CE that a logical 


connection has been disconnected. 
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3.3 NLS to ME Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the NLS entity to the 
Management Entity are described in this section. 
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3.3.1 MNLS_ SIGNAL INDICATION 


PRIMITIVE: 
CODE: 

INPUTS: 
RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MNLS_SIGNAL_INDICATION 


MNLS_SIG_IN Bytes 
Signal Type ] 
FF by NLS 

OO by ME if valid primitive 


11 by ME if invalid primitive 


Indication from the NLS to the ME that a 
call progress NLS message (e.g., 
indicating dial tone) has arrived. 


SIGNAL TYPE 


Signal Type 
0 No tone 

1 Dial tone 

2 Ringing 

3 Answered 

4 Busy tone 

5 Reorder tone 
7F End Alert 


This primitive is only executed for voice. 
See page IV-33 of the SESS BRI Spec for 
related information. 
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3.3.2 MNLS_BUFFER SERVICE INDICATION 


PRIMITIVE: MNLS_BUFFER_SERVICE_INDICATION 
CODE: MNLS_BF_IN Bytes 
INPUTS: Buffer Service Type 1 
Buf Refnum (DEALLOCATE) 2 
OUTPUTS: Buf Size (ALLOCATE) _ 2 
Buf Address (ALLOCATE) 4 
Buf Refnum (ALLOCATE) ji 
RECEIPT CODES: FF by NLS 
00 by ME if valid primitive 
11 by ME if invalid primitive 
DESCRIPTION: Request from the NLS to the ME to 
allocate or deallocate a buffer. 
NOTES: BUFFER SERVICE TYPE 
Buffer Service Type 
0 Allocate 
1 Deallocate - 
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3.3.3 MNLS_CONNID_ INDICATION 


PRIMITIVE: MNLS_CONNID_INDICATION 
CODE: MNLS_CID_IN Bytes 
INPUTS: none 
OUTPUTS: ConnID 1 
RECEIPT CODES: FF by NLS 

00 by ME if valid primitive 


11 by ME if invalid primitive 


DESCRIPTION: Request from the NLS to the ME to 
allocate a Connection ID. 


NOTES: 
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3.3.4 MNLS_ERROR_ INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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MNLS_ERROR_INDICATION 


MNLS_ER_IN Bytes 
NLS Error Code 1 
none 

FF by NLS 

00 by ME if valid primitive 


11 by ME if invalid primitive 


Indication from the NLS to the ME that 
an NLS error has occurred. 


The NLS Error Codes are defined in AmLink3 User’s Guide. 


AmLink3 Interface Reference Guide 


1 General Description 


1.1 Purpose 


This document describes the interface between the Coordinating Entity (CE) running on the 
AMD ISDN Terminal Coprocessor Board (ITCB) and the Layer 4 software running on the PC 
CPU. The purpose of this interface is to allow the orderly transfer of information between the 
CE and Layer 4. 


1.2 Development Environment 


The Coordinating Entity module is implemented using Microsoft ’C’ compiler Version 4.0 and 
the Microsoft Macro Assembler Version 5.0. 


2 Functional Description 


The major components of this interface are as follows: 


* A hardware interrupt in two directions: PC CPU-to-ITC Board processor (Layer 
4-to-CE) and ITC Board processor-to-PC CPU (CE-to-Layer 4) 


* A mailbox in shared RAM associated with each uni-directional hardware interrupt 
* A Set of primitives (command codes) associated with each uni-directional mailbox 
* A set of parameters associated with each primitive 


Only one primitive can be outstanding between layers in each direction at any time. 
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2.1 Inter-Layer Functional Interfaces 


In each direction, the interface between the Layer 4 entity and the Coordinating Entity (CE) is an 
"acknowledged" Primitive Transfer Point. At an "acknowledged" type of inter-layer interface, 
the entity sending a primitive waits for the receiving entity to acknowledge receipt of the 
primitive before the sending entity can send another primitive. 


For the sake of brevity, an "acknowledged" Primitive Transfer Point is referred to as a "mailbox" 
in the rest of this document. 


2.2 Inter-Layer Communication 


The following sections describe the primitives, and their parameters, of communications between 
the Layer 4 entity and the Coordinating Entity. 
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2.3 Coordinating Entity and Layer 4 Communication Interface 


The interface between the Coordinating Entity and Layer 4 uses mailboxes, as described in the 
inier-layer functional interfaces section. Messages between the Coordinating Entity and Layer 4 
are concerned with the setup and teardown of voice and data calls and the transfer of user data. 
Most messages are able to be self-contained within the size of a mailbox. Incoming CONNECT 
messages and outgoing call CONNECT requests have more information associated with them 
than can be contained within a mailbox. Therefore, they make use of an additional buffer which 
is used to contain parameters. This is referred to as an "indirect parameter block." 


2.3.1 Layer 4 to CE Interface 


The Layer 4-to-CE interface primitives are communicated via the L4_CE_Mailbox. The 
L4_CE_Mailbox is located in RAM ("shared RAM") that can be accessed by both the main CPU 
and the ITC Board processor. 


The structure of a message sent by Layer 4 via the L4_CE_ Mailbox is as follows: 


Message 

Length Offset 
Parameters (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code ] 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum Z 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from Layer 4 to the CE uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 
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The following is a C language representation of the Layer 4/CE/NLP/NLS common message 
structure: 


struct 14_ce_13_msg { 
unsigned long reserved; /* reserved for oper sys use */ 
unsigned long home_exch; /* reserved for oper sys use */ 
unsigned char primcode; /* primitive command code */ 
unsigned char receipt; /* primitive receipt code */ 
unsigned char d_attrib; /* data attributes */ 
unsigned short datalen; /* length of data buf */ 
unsigned short refnum; /* refnum of data buf */ 
unsigned char cause[2]; /* cause of DISC,RESET,STATUS */ 
unsigned short Ici; /* Logical Channel Number */ 
unsigned char connid; /* CONNection ID */ 
char (far *dataptr); /* ptr to prim-specific data buf */ 


9 


To initiate a primitive transfer, Layer 4 writes a primitive code, any associated parameters, and a 
hex FF receipt code in the L4_CE_Mailbox. The Layer 4 entity then issues the L4-to-CE 
inter-processor hardware interrupt and continues checking the Receipt Code for a value other 
than hex FF. 


Upon occurence of the hardware interrupt, the CE’s Layer 4-to-CE hardware interrupt handler is 
invoked. First, the CE checks to see if there is any cleanup work that needs to be performed as a 
result of completion of the last CE-to-Layer 4 primitive transaction. If a CE_L4_Mailbox 
primitive transaction is outstanding (i.e., internal CE flag "CEL4inuse" is set), then the CE 
checks the CE_L4_ Mailbox Receipt Code for a value other than hex FF. If a value other than FF 
is in the Receipt Code, then the CE deallocates the ITC Board buffer used in the last CE-to-Layer 
4 primitive transaction (if any), clears "CEL4inuse", and executes a pSOS "SEND_X" call to the 
"CEL4" semaphore message exchange to make the CE_L4_Mailbox available again. 


The CE interrupt handler then proceeds with the Layer 4-to-CE primitive transaction. The CE 
checks the validity of the L4_CE_Mailbox primitive code and parameters. If mailbox contents 
are invalid, the CE writes hex 11 to the L4_CE_Mailbox Receipt Code and ignores the primitive. 
If the primitive and parameters are valid, the CE processes the primitive. When the primitive has 
been compictely processed, the CE writes 0 to the Receipt Code. (Note: "Complete processing” 
will usually mean the queuing of the primitive on either the CE_NLS_Message_Exchange or the 
CE_NLP_Message_Exchange after a relatively small amount of processing by the CE.) 


When Layer 4 detects that the Receipt Code changes from hex FF, the primitive transaction is 
complete and the L4_CE_Mailbox is free for another primitive. 


The valid L4_CE_ Mailbox Primitive Codes are: 


N_CONNECT_REQUEST _ Request to CE to establish a logical 
connection. 


3-102 AmLink3 Interface Reference Guide 


N_CONNECT_RESPONSE Response indicating that Layer 4 
accepts an incoming logical 
connection. 


N_DISCONNECT_REQUEST Request to CE to disconnect a 
logical connection. 


N_DATA_REQUEST Request to CE to transmit a block 
of user data on a logical 
connection. 


N_DATA_ACK_ REQUEST Request to CE to acknowledge 
receipt of user data on a logical 
connection. 


N_EXPED_DATA_REQUEST Request to CE to transmit a block 
of expedited user data on a logical 
connection. 


N_RESET_REQUEST _ Request to CE to reset a logical 
connection. 


N_RESET_RESPONSE _ Response indicating that Layer 4 
acknowledges an incoming reset on a 
logical connection. 


N_START_REQUEST Request to CE to start normal 


operation. (Sent by Layer 4 after 
ITC Board initialization.) 
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The valid Receipt Code values are: 


Code 
(Hex) Description 
FF set by Layer 4 before interrupting CE 
00 set by CE to indicate successful reception of the primitive 
11 set by CE to indicate error -- primitive ignored 
3-104 
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2.3.2 CE to Layer 4 Interface 


The CE-to-Layer 4 interface primitives are communicated via the CE_L4_Mailbox. The 
CE_L4_ Mailbox is located in RAM ("shared RAM") that can be accessed by both the main CPU 
and the ITC Board processor. 


The structure of a message sent by the CE via the CE_L4_Mailbox is as follows: 


Message 

Length Offset 
Parameters (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from Layer 4 to the CE uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 


For performance efficiency, the CE-to-Layer 4 primitive transfer involves both the CE-to-Layer 
4 hardware interrupt AND the Layer 4-to-CE hardware interrupt. This involvement of BOTH 
hardware interrupts in a CE-to-Layer 4 primitive transfer is done primarily to avoid the need for 
the CE to continue looping on the CE_L4_Mailbox Receipt Code while Layer 4 processes the 
primitive. In this way, the ITC processor can be released for other tasks while the PC CPU 
processes the primitive. 


There are three CE sub-entities that need to access the CE_L4_Mailbox: NLS-to-CE pSOS 
process, NLP-to-CE pSOS process, and ME-to-CE function. Before one of these entities uses 
the mailbox, it must gain access to the mailbox by calling function "CEL4_wt(Q)." "CEL4_wt()" 
performs a pSOS "REQ_X" call on the CE_L4_Mailbox-available semaphore (pSOS message 
exchange) called "CEL4." (During board initialization, a pSOS "SEND_X"” call was made on 
message exchange "CEL4" to make the mailbox available at the start.) "CEL4_wt()" returns 
when the mailbox is available. This can only happen when Layer 4 issues the L4-to-CE 
hardware interrupt. Layer 4 issues the L4-to-CE hardware interrupt in three situations: 
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1. Layer 4 needs to send a primitive to the CE via the L4_CE_Mailbox. 


2. Layer 4 needs to notify the CE that the CE_L4_Mailbox is again available for use 
(e.g., parameters and data have been moved out of the CE_L4_Mailbox and any 
associated indirect parameter block pointed to by an address in the mailbox.) 


3. Both 1. and 2. 


Once the CE_L4_Mailbox is available, the CE sub-entity writes a primitive code, any associated 
parameters, and a hex FF Receipt Code in the CE_L4_Mailbox. The sub-entity sets a flag 
internal to the CE called "CEL4inuse." (This flag will be checked by the L4-to-CE hardware 
interrupt handler to determine whether to check the CE_L4_Mailbox receipt code to issue a 
pSOS "SEND_X" call on the "CEL4" semaphore to make the CE_L4_Mailbox available to the 
CE sub-entities again.) 


The CE sub-entity then issues the CE-to-Layer 4 inter-processor hardware interrupt (by calling 
function "do_l4_int()") and assumes that Layer 4 got the primitive. The CE does NOT check 
the Receipt Code at this point. 


Upon occurence of the hardware interrupt, the Layer 4 interrupt handler is invoked. Layer 4 
checks the validity of the CE_L4_Mailbox primitive code and parameters. If mailbox contents 
are invalid, Layer 4 writes hex 11 to the L4_CE_Mailbox Receipt Code and ignores the 
primitive. Layer 4 issues the Layer 4-to-CE hardware interrupt to notify the CE that the primitive 
has been ignored. 


If the primitive and parameters are valid, Layer 4 processes the primitive code and parameters. 
(This may involve a block move or DMA move of data from a buffer on the ITC Board to PC 
system RAM.) Layer 4 then writes 0 to the Receipt Code. (If Layer 4 has generated a Layer 
4-to-CE primitive as a result of processing the CE-to-Layer 4 primitive, then Layer 4 also writes 
the new primitive to the L4_CE_Mailbox.) Layer 4 then generates the Layer 4-to-CE hardware 
interrupt. 


When the CE’s Layer 4-to-CE interrupt handler is invoked, it first checks the private CE 
"CELAinuse" flag to see if a CE_L4_Mailbox primitive transaction is outstanding. If so, the CE 
interrupt handler checks whether the CE_L4_ Mailbox Receipt Code is not equal to hex FF. If 
the Receipt Code is not equal to hex FF, a CE-to-Layer 4 primitive transaction is in progress and 
the CE’s interrupt handler must "clean up" any loose ends from that transaction. To accomplish 
this, the CE interrupt handler deallocates the ITC Board buffer used in the last CE-to-Layer 4 
primitive (if any), clears the "CEL4inuse" flag and performs a pSOS "SEND_X" call to the 
"“CEL4" semaphore to make the CE_L4_Mailbox available again. 


Having finished any clean up of an outstanding CE-to-Layer 4 transaction, the CE interrupt 
handler is ready to process any Layer 4-to-CE primitive transaction that is associated with the 
Layer 4-to-CE hardware interrupt. The presence of a pending Layer 4-to-CE primitive is 
indicated by a L4_CE_Mailbox Receipt Code equal to hex FF. If the L4_CE_Mailbox Receipt 
Code is hex FF, the Layer 4-to-CE interrupt handler then processes a Layer 4-to-CE primitive 
which is accompanying the signal to make the CE_L4_ Mailbox available again. 
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The valid CE_L4_ Mailbox Primitive Codes are: 


N_CONNECT_INDICATION _sIndication to Layer 4 of an 
incoming attempt to establish a 
logical connection. 


N_CONNECT_CONFIRM Confirmation to Layer 4 of 
successful establishment of an 
outgoing logical connection. 


N_DISCONNECT_INDICATION Indication to Layer 4 of an 
incoming disconnection of a 
logical connection. 


N_DATA_INDICATION Indication to Layer 4 of the 
reception of a block of user 
data on a logical connection. 


N_DATA_ACK_INDICATION Indication to Layer 4 of receipt 
of acknowledgement of user data 
reception by the far end on a 
logical connection. 


N_EXPED_DATA_INDICATION Indication to Layer 4 of 
reception of a block of 
expedited user data on a 
logical connection. 


N_STATUS_INDICATION Indication to Layer 4 to act on 
a change in the status of a 
logical connection (e.g., Flow 
Control toggle on a logical 
connection). 


N_RESET_INDICATION Indication to Layer 4 of 
reception of a reset on a 
logical connection. 


N_RESET_CONFIRM Confirmation to Layer 4 that an 
outgoing reset request on a 
logical connection has been 
completed. 


The valid Receipt Code values are: 


Code 
(Hex) Description 
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FF 
00 
11 
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set by CE before interrupting Layer 4 
set by Layer 4 to indicate successful reception of the primitive 


set by Layer 4 to indicate error -- primitive ignored 
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3 Detailed Functional Specifications 


In this section the CE and Layer 4 interface primitives and their associated command/event codes 
and parameters are described in more depth. 


The "N_" primitives are used for communication interface between the Coordinating Entity and 
Layer 4. 


In case of 2 byte long parameters, the least significant byte is loaded first. For example if is a 2 
byte long parameter the parameter field will have the following format: 


Octet 1 Low order 8 bits of LENGTH (LSB) 
Octet 2 High order 8 bits of LENGTH (MSB) 


In case of address parameters, the parameter will occupy four bytes and will have the format as 
described below: 


Octet 1 Low order 8 bits of the OFFSET 
Octet 2 High order 8 bits of the OFFSET 
Octet 3 Low order 8 bits of the SEGMENT 
Octet 4 High order 8 bits of the SEGMENT 


Each primitive description contains the following information: 


PRIMITIVE: The name of the primitive 

CODE: Mnemonic code representing the primitive 

INPUT: Input parameters required for this primitive 

OUTPUTS: Any output parameters placed into the mailbox by the entity 


receiving the primitive, for use by the requesting entity upon 
acknowledgement of the primitive 


RECEIPT CODES: Codes entered into the receipt code field of the mailbox 
DESCRIPTION: The function provided by this primitive 
NOTES: Special considerations or characteristics of this primitive 
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3.1 Layer 4 to CE Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Layer 4 to the 
Coordinating Entity are described in this section. 
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3.1.1 N CONNECT REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 
l 


4 
RECEIPT CODES: 


DESCRIPTION: 


N_CONNECT_REQUEST 
N_CONN_RQ 
Data Address = 


Indirect Parameter Blk Address 


Indirect Parameter Block 
Voice/Data Indicator 

Service Type 

PVC Select 

Channel Type 

In-Band Called Address Length 
In-Band Called Address Offset 
In-Band Calling Address Length 
In-Band Calling Address Offset 
Out-of-Band Called Address Length 
Out-of-Band Called Address Offset 
Out-of-Band Calling Address Length 
Out-of-Band Calling Address Offset 
Receipt Confirmation Indicator 
Expedited Data Indicator 

Reserved 

User Data Address Length 

User Data Address Offset 

In-Band Called Address 

In-Band Calling Address 
Out-of-Band Called Address 
Out-of-Band Calling Address 

User Data 


ConnID 


Data Address 


FF by Layer 4 
OO by CE if valid prim and input parms 
11 by CE if invalid primitive or parms 


Request for CE to establish a logical 
connection. 
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ee cell NO oo ee 


variable 
variable 
variable 
variable 
variable 


Bytes 
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NOTES: 
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The ConnID output is the Connection 
Identifier that the CE 

allocates for all layers to use in 
subsequent inter-layer primitives 
involving this logical connection. 


The Data Address output is the address of 
the free buffer that the CE 

allocates for Layer 4 to use with the next 
Layer 4-to-CE primitive that requires a 
data buffer. 


VOICE/DATA INDICATOR 


Voice/Data Indicator 
0 Data call 
1 Voice call 


SERVICE TYPE 


Service Type 

0 Use init default 

1 DMI Mode 3 

2 Nailed-up X.25 

3 X.31 (Out-of-band 
call setup then 
In-band X.25 
call setup) 


PVC SELECT 
Hi-order bit = 1 ==> Low-order 
7 bits = PVC # 
Hi-order bit=0 ==> No PVC used 


Low-order 7-bits PVC to use 


AmLink3 Interface Reference Guide 


CHANNEL TYPE 


Hi-order bit= 1 ==> Low-order 
7 bits contain 
Channel to use 

Hi-order bit=0Q ==> Use Default 
Voice or Data 
Channel Type 


Low-order 7-bits 


0 D-Channel 
1 B1 (B-Channel) 
2 B2 (B-Channel) 
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3.1.2 N CONNECT_RESPONSE 


PRIMITIVE: N_CONNECT_RESPONSE 
CODE: N_CONN_RS Bytes 
INPUTS: ConnID 1 
Data Length = 
Optional User Data Length 2 
Data Address = 
Optional User Data Address 4 
OUTPUTS: Data Address 4 
RECEIPT CODES: FF by Layer 4 
00 by CE if valid primitive 


11 by CE if invalid primitive 


DESCRIPTION: Response indicating that Layer 4 accepts 
an incoming logical connection. 


NOTES: Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 
not used and there is no Data Address 
output parameter. 


If the Data Length is non-zero, then 

the Data Address output is the address of 
the free buffer that the CE 

allocates for Layer 4 to use with the next 
Layer 4-to-CE primitive that requires a 
data buffer. — 


3-114 AmLink3 Interface Reference Guide 


3.1.3 N_ DISCONNECT_REQUEST 


PRIMITIVE: 
CODE: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


N_DISCONNECT_REQUEST 


N_DISC_RQ 
Bytes 


ConnID 
Cause 
(only 1 byte used for Q.931 - SESS BRI 
Spec p. [V-28) 
Data Length = 
Optional User Data Length 
Data Address= 
Optional User Data Address 


Data Address 


FF by Layer 4 
00 by CE if valid primitive 
11 by CE if invalid primitive 


Request for CE to disconnect a logical 
connection. 


Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 

not used and there is no Data Address 
output parameter. 


If the Data Length is non-zero, then 

the Data Address output is the address of 
next free buffer that the CE 

allocates for Layer 4 to use with the next 
Layer 4-to-CE primitive that requires a 
data buffer. 
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3.1.4 N DATA REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 
RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


N_DATA_REQUEST 


N_DATA_RQ Bytes 
ConnID l 
Data Length 2 
Data Address 4 
Data Attributes 1 
Data Address 4 

FF by Layer 4 

00 by CE if valid primitive 


11 by CE if invalid primitive 


Request for CE to transmit data on a 
logical connection. 


DATA ADDRESS and DATA LENGTH 


User data is located at Data Address plus 
an offset of 7 bytes. This 7-byte "hole" 

is left at the "front" of the user data 

to allow room for the Layer 2 and Layer 3 
protocol packet headers. Similarly, the 
Data Length parameter is equal to the 
actual user data length plus 7 bytes. 


The Data Address output is the address of 
the free buffer that the CE 

allocates for Layer 4 to use with the next 
Layer 4-to-CE primitive that requires a 
data buffer. 
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DATA ATTRIBUTES 
Bit 
Q =0 =>not D-bit data, 


=] => D-bit data 
1 =0 =>not M-bit data, 


=]1 => M-bit data 
2 =0 =>not Q-bit data, 
=] =>(Q-bit data 
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3.1.5 N DATA_ACKNOWLEDGE_REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 
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N_DATA_ACKNOWLEDGE_REQUEST 


N_DACK_RQ Bytes 
ConnID 1 
none 

FF by Layer 4 

00 by CE if valid primitive 

11 by CE if invalid primitive 


Request for CE to acknowledge receipt of 
user data on a logical connection. 
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3.1.6 N EXPEDITED DATA REQUEST 


PRIMITIVE: N_EXPEDITED_DATA_REQUEST 
CODE: N_EXP_RQ Bytes 
INPUTS: ConnID 1 
Data Length 2 
Data Address 4 
OUTPUTS: Data Address 4 
RECEIPT CODES: FF by Layer 4 
00 by CE if valid primitive 


11 by CE if invalid primitive 


DESCRIPTION: Request for CE to transmit expedited data 
on a logical connection. 


NOTES: Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 
not used and there is no Data Address 
output parameter. 


If the Data Length 1s non-zero, 

user data is located at Data Address 

plus an offset of 7 bytes. This 7-byte 
"hole" is left at the "front" of the data 

to allow room for the Layer 2 and Layer 3 
protocol packet headers. Similarly, the 
Data Length parameter is equal to the 
actual user data length plus 7 bytes. 


If the Data Length is non-zero, then 

the Data Address output is the address 
of the free buffer that the CE 

allocates for Layer 4 to use with the next 
Layer 4-to-CE primitive that requires a 
data buffer. 
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3.1.7 N RESET REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


3-120 


N_RESET_REQUEST 
N_RES_RQ 


ConnID 
Cause/Diagnostic Code 


none 

FF by Layer 4 

00 by CE if valid primitive 
11 by CE if invalid primitive 


Request for CE to reset a logical 
connection. 
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3.1.8 N_ RESET RESPONSE 


PRIMITIVE: N_RESET_RESPONSE 
CODE: N_RES_RS Bytes 
INPUTS: ConnID 1 
OUTPUTS: none 
RECEIPT CODES: FF by Layer 4 

00 by CE if valid primitive 


11 by CE if invalid primitive 


DESCRIPTION: Response indicating that Layer 4 
acknowledges an incoming reset on a 
logical connection. 
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3.1.9 N START REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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N_START_REQUEST 


N_START_RQ Bytes 
none 

Data Address 4 
FF by Layer 4 

00 by CE if valid primitive 


11 by CE if invalid primitive 


Request to CE to start normal operation. 
(Sent by Layer 4 after ITC Board 
initialization.) 


The Data Address output is the address 
of the free buffer that the CE 

allocates for Layer 4 to use with the 
first Layer 4-to-CE primitive following 
power-on reset. 
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3.2 CE to Layer 4 Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Coordinating Entity to 
Layer 4 are described in this section. 
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3.2.1 N CONNECT_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 
RECEIPT CODES: 


DESCRIPTION: 
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N_CONNECT_INDICATION 
N_CONN_IN 
ConnID 


Data Address = 
Indirect Parameter Blk Address 


Indirect Parameter Block 
Voice/Data Indicator 

Service Type 

PVC Select 

Channel Type 

In-Band Called Address Length 
In-Band Called Address Offset 
In-Band Calling Address Length 
In-Band Calling Address Offset 
Out-of-Band Called Address Length 
Out-of-Band Called Address Offset 
Out-of-Band Calling Address Length 
Out-of-Band Calling Address Offset 
Receipt Confirmation Indicator 
Expedited Data Indicator 

Reserved 

User Data Address Length 

User Data Address Offset 

In-Band Called Address 

In-Band Calling Address 
Out-of-Band Called Address 
Out-of-Band Calling Address 

User Data 


none 

FF by CE 

00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Indication to Layer 4 of an incoming 
logical connection. 
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Bytes 


eee ee Ne ell oe el ol eel ae ee 


variable 
variable 
variable 
variable 
variable 


NOTES: VOICE/DATA INDICATOR 


Voice/Data Indicator 
0 Data call 
1 Voice call 
SERVICE TYPE 
Service Type 
0 Use init default 
1 DMI Mode 3 
2 Nailed-up X.25 
3 X.31 (Out-of-band 


call setup then 
In-band X.25 
call setup) 


PVC SELECT 


Hi-order bit= 1 ==> Low-order 
7 bits = PVC # 
Hi-order bit=0 ==> No PVC used 


Low-order 7-bits PVC to use 


CHANNEL TYPE 


Hi-order bit= 1 ==> Low-order 
7 bits contain 
Channel to use 

Hi-order bit=0 ==> Use Default 
Voice or Data 
Channel Type 


Low-order 7-bits 


0 D-Channel 
1 B1 (B-Channel) 
Z B2 (B-Channel) 
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3.2.2 N CONNECT_CONFIRM 


PRIMITIVE: N_CONNECT_CONFIRM 
CODE: N_CONN_CF Bytes 
INPUTS: ConnID 1 
Data Length = 
Optional User Data Length y 
Data Address = 
Optional User Data Address 4 
OUTPUTS: none 
RECEIPT CODES: FF by CE 


00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


DESCRIPTION: Confirmation to Layer 4 of successful 
logical connection. 


NOTES: . Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 
not used. 
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3.2.3 N DISCONNECT INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


N_DISCONNECT_INDICATION 
N_DISC_IN 


ConnID 
Cause 
(only 1 byte used for Q.931 - SESS BRI 
Spec p. IV-28) 
Data Length = 
Optional User Data Length 
Data Address = 
Optional User Data Address 


none 


FF by CE 
00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Indication to Layer 4 that a logical 
connection has been disconnected. 


Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 

not used. 
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Bytes 
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3.2.4 N DATA_ INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


3-128 


N_DATA_INDICATION 
N_DATA_IN Bytes 


ConnID 

Data Length 
Data Address 
Data Attributes 


pe Pe RQ 


none 


FF by CE 
00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Indication to Layer 4 of incoming user 
data on a logical connection. 


DATA ADDRESS and DATA LENGTH 


User data is located at Data Address. 
The Layer 2 and Layer 3 protocol packet 
headers have already been "stripped." 
Similarly, the Data Length parameter is 
equal to the actual user data length. 


DATA ATTRIBUTES 
Bit 


0 =0 => not D-bit data, 
=1 => D-bit data 

1 =0 =>not M-bit data, 
=1 => M-bit data 

2 =0 => not Q-bit data, 
=1 => (Q-bit data 
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3.2.5 N DATA_ACKNOWLEDGE_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


N_DATA_ACKNOWLEDGE_INDICATION 


N_DACK_IN Bytes 
ConnID 1 
none 

FF by CE 


OO by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Indication to Layer 4 of received 
acknowledgement for user data sent on a 
logical connection. 
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3.2.6 N EXPEDITED DATA INDICATION 


PRIMITIVE: N_EXPEDITED_DATA_INDICATION 

CODE: N_EXP_IN Bytes 

INPUTS: ConnID 1 
Data Length 2 

| Data Address 4 

OUTPUTS: none 

RECEIPT CODES: FF by CE 


00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


DESCRIPTION: Indication to Layer 4 of received 
expedited data on a logical connection. 


NOTES: Optional User Data is not present if the 
Data Length parameter is zero. In this 
case, the Data Address input is 
not used. 


If the Data Length is non-zero, 

user data is located at Data Address. 

The Layer 2 and Layer 3 protocol packet 
headers have already been "stripped." 
Similarly, the Data Length parameter is 
equal to the actual user data length. 
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3.2.7N_STATUS_ INDICATION 


N_STATUS_INDICATION 


Bytes 


00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Indication to Layer 4 to act on a change 


in the status of a logical connection 
(e.g., Flow Control toggle). 


PRIMITIVE: 
CODE: N_STAT_IN 
INPUTS: ConnID 
Status 

OUTPUTS: none 
RECEIPT CODES: FF by CE 
DESCRIPTION: 
NOTES: STATUS 

0 


1 


Na PWN 
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=> Transmitter Busy flow control on 

(Layer 4 suspends N_.DATA_REQUESTSs) 
=> Trensmitter Busy Flow control off 

(Layer 4 resumes N_DATA_REQUESTSs) 
=> Voice Handset Off Hook 
=> Voice Handset On Hook 
=> ITC Board Software unrecoverable error 
=> Begin voice call alerting 
=> End voice call alerting 
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3.2.8 N RESET INDICATION 


PRIMITIVE: N_RESET_INDICATION 

CODE: N_RES_IN Bytes 

INPUTS: ConnID 1 
Cause/Diagnostic Code 2 

OUTPUTS: none 

RECEIPT CODES: FF by CE 


00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


DESCRIPTION: Indication to Layer 4 to reset a logical 
connection. 
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3.2.9 N RESET CONFIRM 


PRIMITIVE: 
CODE: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


N_RESET_CONFIRM 


N_RES_CF Bytes 
ConnID 1 
none 

FF by CE 


00 by Layer 4 if valid primitive 
11 by Layer 4 if invalid primitive 


Confirmation to Layer 4 that a logical 
connection has been reset. 
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1 General Description 
1.1 Purpose 


The X.25 Call Control module performs the layer 3 X.25 functions dealing with call setup and 
teardown. This document should be used in conjunction with the "ISDN X.25 Data Phase 
Interface Reference Guide," for a complete look at the functions of X.25 layer 3. 


1.2 Development Environment 


The X.25 Call Control module is implemented using Microsoft ’C’ compiler Version 4.0 and the 
Microsoft Macro Assembler Version 5.0. 


2 Functional Description 
2.1 Inter-layer Functional Interfaces 


The functional interfaces between the Network Layer Packet (NLP) entity and adjacent layers 
(levels) are of two basic types: "acknowledged" and "unacknowledged" Primitive Transfer 
Points. At an "acknowledged" type of inter-layer interface, the entity sending a primitive waits 
for the receiving entity to acknowledge receipt of the primtive before the sending entity proceeds 
with any further processing. In the "unacknowledged" case, when a layer entity sends a 
primitive, it does not wait for any acknowledgement of receipt of the primitive before 
proceeding. (These basic types are described in greater detail in the "AMD ISDN BRI Software 
Architecture Reference Guide.") 


In different implementations, the physical mechanisms used to provide "acknowledged" and 
"unacknowledged" Primitive Transfer Points may vary. For example, the "unacknowledged" 
type Primitive Transfer Point may be implemented using the inter-process message queue 
services provided by one of the many real-time operating systems available. An "acknowledged" 
type of command may use a "mailbox" type with a receipt code field. 


The NLP entity is designed to be independent from the physical mechanisms used to transfer 
primitives to and from adjacent layers. All primitive transfers with other layers are accomplished 
via operating system-independent inter-entity function calls. If a user wishes to change the 
physical mechansim for sending and receiving inter-layer primitives at a particular inter-layer 
interface, it is only necessary to re-write the appropriate inter-entity interface functions. For the 
NLP, these functions are: 


me_nipservice() Called by the ME to notify the NLP that the ME has placed a 
primitive to be executed in the appropriate "acknowledged" 
Primitive Transfer Point. 


nlp_meservice() Called by the NLP to notify the ME that the NLP has placed a 


primitive to be executed in the appropriate "acknowledged" 
Primitive Transfer Point. 
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ce_nlp_snd() Called by the Coordinating Entity to send a primitive to the 
NLP entity via the appropriate "unacknowledged" Primitive 
Transfer Point. 


cep3() NLP function to receive a primitive from the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


nlp_ce_snd() Called by the NLP to send a primitive to the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


p3ce() Coordinating Entity function to receive a primitive to the NLP 
entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


12_nlp_sndQ Called by the Layer 2 (LAPD) to send a primitive to the NLP 
entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


12p30 NLP function to receive a primitive from Layer 2 (LAPD) via 
the appropriate "unacknowledged" Primitive Transfer Point. 


nlp_12_sndQ) Called by the NLP to send a primitive to Layer 2 (LAPD) via 
the appropriate "unacknowledged" Primitive Transfer Point. 


13120 Layer 2 function to receive a primitive from the NLP entity via 
the appropriate "unacknowledged" Primitive Transfer Point. 


Note: Function names ending in "service" denote inter-entity service functions used with 
"acknowledged" Primitive Transfer Points. Function names ending in "_snd" and "_rcv" indicate 
inter-entity functions used with "unacknowledged" Primitive Transfer Points. 


For the sake of brevity, an "acknowledged" Primitive Transfer Point is referred to as a "mailbox" 
in the rest of this document. An "unacknowledged" Primitive Transfer Point is referred to as a 
"message exchange." 


2.2 Inter-layer Communication 


The following sections describe the primitives, and their parameters, of communications between 
the Layer 3 Network Layer Packet (NLP) package and the Coordinating Entity and Management 
Entity. Primitives between NLP and Layer 2 (LAPB/LAPD) are described in the "ISDN 
AmLINK Interface Reference Guide." The primitives listed here describe in detail the format of 
the messages to be passed, but do not specifically tie down the code to the method of passage. 
This is done deliberately to preserve operating system independence. 
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2.3 CE and X25_CC Communication Interface 


The interface between the Coordinating Entity and the X.25 Call Control entity uses message 
queues, as described in the inter-layer functional interfaces section. Messages between the NLP 
(X.25 Call Control) and the Coordinating Entity are concerned with setup and teardown of 
in-band X.25 links. Most messages are able to be self-contained within the size of a message 
block. Incoming CONNECT messages and outgoing call CONNECT requests have more 
information associated with them than can be contained within a message block. Therefore, they 
make use of an additional buffer which is used to contain parameters. This is referred to as an 
"indirect parameter block." 
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2.3.1 CE to X25_CC Interface 
The CE-to-NLP interface primitives are communicated via the "CEP3" message exchange. 


The structure of a message sent by the CE to the "CEP3" message exchange is as follows: 


Message 

Length Offset 
Parameter (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum 2 13 
Cause Z 15 
Logical Channel ID (LCI) 2 Wi 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the CE to the NLP uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 
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The following is a C language representation of the Layer 4/CE/NLP/NLS common message 
structure: 


struct 14_ce_13_msg { 
unsigned long reserved; /* reserved for oper sys use */ 
unsigned long home_exch; /* reserved for oper sys use */ 
unsigned char primcode; /* primitive command code */ 
unsigned char receipt; /* primitive receipt code */ 
unsigned char d_attrib; /* data attributes */ 
unsigned short datalen; /* length of data buf */ 
unsigned short refnum; /* refnum of data buf */ 
unsigned char cause[2]; /* cause of DISC,RESET,STATUS */ 
unsigned short Ici; /* Logical Channel Number */ 
unsigned char connid; /* CONNection ID */ 
char (far *dataptr); /* ptr to prim-specific data buf */ 


> 


In the CE-to-NLP direction the CE formats a primitive message including parameters and calls 
the "ce_nlp_snd()" function with a pointer to the primitive struct as a function argument. The 
NLP is awakened within the "cep3()" function when the message is received from the CE. 


The following primitives are used for communication from the Coordinating Entity to X25_CC: 


NLP_CONN_RQ Request from CE to NLP to establish in-band connection. 
NLP_CONN_RS Response from CE to NLP to indicate connection confirmed. 
NLP_DISC_RQ Request from CE to NLP to disconnect in-band connection. 
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2.3.2 X25_CC to CE Interface 
The NLP-to-CE interface primitives are communicated via the "P3CE" message exchange. 


The structure of a message sent by the NLP to the "P3CE" message exchange is as follows: 


Message 

Length Offset 
Parameter (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) l 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the NLP to the CE uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 


In the NLP-to-CE direction the NLP formats a primitive message including parameters and calls 


the "nlp_ce_snd()" function with a pointer to the primitive struct as a function argument. The 
CE is awakened within the "p3ce()" function when the message is received from the NLP. 
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The following primitives are used for communication from X25_CC to the Coordinating Entity: 


NLP_CONN_IN Indication from NLP to CE of an in-band connection. 
NLP_CONN_CF Confirmation from NLP to CE of established connection. 
NLP_DISC_IN Indication from NLP to CE of in-band disconnection. 
NLP_DISC_CF Confirmation from NLP to CE of in-band disconnection. 
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2.4 ME and X25_CC Communication Interface 


The interface between the Management Entity and the X.25 Call Control entity uses "acknowl- 
edged" mailboxes, as described in the inter-layer functional interfaces section. Primitives 
between the NLP (X.25 Call Control) and the Management Entity are concerned with timer and 
buffer allocation/deallocation and LCI/CES/SAPI assignments. 
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2.4.1 ME to X25 CC Interface 


The ME-to-NLP interface primitives are communicated via the ME_NLP_Mailbox. The 
ME_NLP_Mailbox is at a fixed location in RAM. 


The structure of the ME_NLP_ Mailbox is as follows: 


Length 

(Bytes) 
Primitive Code 1 
Receipt Code i 
Primitive Parameters 14 


To initiate a primitive transfer, the ME writes a primitive code, any associated parameters, and a 
hex FF receipt code in the ME_NLP_Mailbox (pointed to by the "ME_NLP" mailbox pointer) 
and calls the "me_nlpservice()" function entry point in the the NLP entity. Once the NLP has 
finished processing the primitive, the NLP writes the receipt code in the mailbox and returns. 


The following primitives are used for communication from the Management Entity to X25_CC: 


MNLP_AS_RQ Request from ME to NLP to assign LCI/SAPI. 
MNLP_RM_RQ Request from ME to NLP to disassociate LCI/SAPI from ConnID. 
MNLP_TM_RS Response from ME to NLP indicating timer expiration. 
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2.4.2 X25 _CC to ME Interface 


The NLP-to-ME interface primitives are communicated via the NLP_ME_Mailbox. The 
NLP_ME_Mailbox is at a fixed location in RAM. 


The structure of the NLP_ME_Mailbox is as follows: 


Length 

(Bytes) 
Primitive Code 1 
Receipt Code 1 
Primitive Parameters 14 


To initiate a primitive transfer, the NLP writes a primitive code, any associated parameters, and a 
hex FF receipt code in the NLP_ME_ Mailbox (pointed to by the "NLP_ME"” mailbox pointer) 
and calls the "nlp_meservice()" function entry point in the the ME entity. Once the ME has 
finished processing the primitive, the ME writes the receipt code in the mailbox and returns. 


The following primitives are used for communication from the X25_CC to Management Entity: 


MNLP_TM_IN Indication from NLP to ME indicating timer service needed. 

MNLP_BF_IN Indication from NLP to ME indicating buffer service needed. 

MNLP_CID_IN Request from the NLP to the ME to allocate a Connection ID. 

MNLP_ER_IN Indication from the NLP to the ME that an NLP Error has 
occurred. 
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3 Detailed Functional Specifications 


In this section the NLP and MNLP primitives and their associated command/event codes and 
parameters are described in more individual depth. 


The NLP primitives are used for communication interface between the Coordinating Entity and 
the NLP. The MNLP primitives are used between the Management Entity and the NLP. 


In case of 2 byte long parameters, the least significant byte is loaded first. For example if 
LENGTH is a 2 byte long parameter the parameter field will have the following format: 


Octet 1 Low order 8 bits of LENGTH (LSB) 
Octet 2 High order 8 bits of LENGTH (MSB) 


In case of address parameters, the parameter will occupy four bytes and will have the format as 
described below: 


Octet 1 Low order 8 bits of the OFFSET 
Octet 2 High order 8 bits of the OFFSET 
Octet 3 Low order 8 bits of the SEGMENT 
Octet 4 High order 8 bits of the SEGMENT 


Each primitive description contains the following information: 


PRIMITIVE: The name of the primitive 

CODE: Mnemonic code representing the primitive 

INPUT: Input parameters required for this primitive 

DESCRIPTION: The function provided by this primitive 

NOTES: Special considerations or characteristics related for this primitive 
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In addition, MNLP primitives require two additional information sections, due to their use of 
"acknowledged" mailboxes: 


RECEIPT CODES: Codes entered into the receipt code field of the mailbox 
OUTPUTS: Output parameters as needed, placed into the mailbox by the 


requested entity, for use by the requestor upon acknowledgement of 
the primitive 
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3.1 CE to X25_CC Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Coordinating Entity to 
X25_CC are described in this section. 
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3.1.1 NLP_CONNECT_REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_CONNECT_REQUEST 
NLP_CONN_RQ 


ConnID 
Data Address = 

Indirect Parm Blk Addr 
Data Refnum = 

Indirect Parm Blk Refnum 


Indirect Parameter Block 


Reserved 

Service Type 

PVC Select 

Channel Type 

In-band Called Address Length 

In-band Called Address Offset in 
Indirect Parameter Block 

In-band Calling Address Length 

In-band Calling Address Offset in 
Indirect Parameter Block 

Reserved 

Receipt Confirmation Indicator 

Expedited Data Indicator 

Reserved 

User Data Length 

User Data Offset 

In-band Called Address 

In-band Calling Address 

User Data 


1 byte 
4 bytes 


2 bytes 


pramnch premch peed peemh pemeh pmeed, 


mre heer 


var. 
Var. 
var. 


This primitive is used to request the establishment of an outgoing call 


connection. 


Service type has the following values: 


QO Use init default value 
1 DMI Mode 3 
2 Nailed-up X.25 


3 X.31 (Out-of-band call setup followed 


by in-band X.25 call setup) 
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PVC Select has the following values: 
Hi-order bit = 1: Low-order 7 bits contain 
PVC to use. 
Hi-order bit = 0: PVC # doesn’t matter 
(call doesn’t use PVC) 


Channel type has the following values: 
Hi-order bit = 1: Low-order 7 bits contain 
Channel to use 
Hi-order bit = 0: Use Default Voice or 
Data Channel Type 
Low-order 7 bits: 
Q D-channel 
1 Bil (B-channel) 
2 B2(B-channel) 
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3.1.2 NLP_CONNECT_ RESPONSE 
PRIMITIVE: NLP_CONNECT_RESPONSE 
CODE: NLP_CONN_RS 


INPUTS: ConnID 1 byte 

Data Length = 2 bytes 
Optional User Data 
Length 

Data Address = 4 bytes 
Optional User Data 
Address 

Data Refnum = 2 bytes 
Optional User Data 
Refnum 


DESCRIPTION: This primitive is used to indicate that a connection for an incoming 
call connection can be completed. 


NOTES: Optional User Data is not present if the Data Length parameter is 


zero. In this case, the Data Refnum and Data Address inputs are not 
used. 
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3.1.3 NLP_DISCONNECT_ REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 
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NLP_DISCONNECT_REQUEST 
NLP_DISC_RQ 


ConnID 1 byte 
Cause/Diagnostic Code 2 bytes 
Data Length = 2 bytes 
Optional User Data 
Length 
Data Address = 4 bytes 
Optional User Data 
Address 
Data Refnum = 2 bytes 
Optional User Data 
Refnum 


This primitive is used to request that a call connection be taken down. 
Optional User Data is not present if the Data Length parameter is 


zero. In this case, the Data Refnum and Data Address inputs are not 
used. 
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3.2 X25_CC to CE Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the X25_CC to the 
Coordinating Entity are described in this section. 
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3.2.1 NLP_CONNECT_ INDICATION 
PRIMITIVE: NLP_CONNECT_INDICATION 
CODE: NLP_CONN_IN 


INPUTS: ConnID 1 byte 
Data Address = 4 bytes 
Indirect Parm Blk Addr 
Data Refnum = 2 bytes 
Indirect Parm Blk Refnum 
LCI 2 bytes 


Indirect Parameter Block 


Reserved 

Service Type 

PVC Select 

Channel Type 

In-band Called Address Length 

In-band Called Address Offset in 
Indirect Parameter Block 

In-band Calling Address Length 

In-band Calling Address Offset in 
Indirect Parameter Block 

Reserved 

Receipt Confirmation Indicator 

Expedited Data Indicator 

Reserved 

User Data Length 

User Data Offset 

In-band Called Address var. 

In-band Calling Address var. 

User Data var. 


—a ee 


bt ee KOR 


DESCRIPTION: This primitive is used to indicate an incoming call. 


NOTES: Service type has the following values: 
QO Use init default value 
1 DMI Mode 3 
2 Nailed-up X.25 
3 X.31 (Out-of-band call setup followed 
by in-band X.25 call setup) 


PVC Select has the following values: 
Hi-order bit = 1: Low-order 7 bits contain 
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PVC to use. 
Hi-order bit = 0: PVC # doesn’t matter 
(call doesn’t use PVC) 


Channel type has the following values: 
Hi-order bit = 1: Low-order 7 bits contain 
Channel to use 
Hi-order bit = 0: Use Default Voice or 
Data Channel Type 
Low-order 7 bits: 
Q D-channel 
1 B1 (B-channel) 
2 B2 (B-channel) 
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3.2.2 NLP_CONNECT_CONFIRMATION 
PRIMITIVE: NLP_CONNECT_CONFIRMATION 
CODE: NLP_CONN_CF 


INPUTS: ConnID 1 byte 

Data Length = 2 bytes 
Optional User Data 
Length 

Data Address = 4 bytes 
Optional User Data 
Address 

Data Refnum = 2 bytes 
Optional User Data 
Refnum 


DESCRIPTION: This primitive is used to confirm that an outgoing call connection has 
been completed. 


NOTES: Optional User Data is not present if the Data Length parameter is 


zero. In this case, the Data Refnum and Data Address inputs are not 
used. 
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3.2.3 NLP_DISCONNECT_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_DISCONNECT_INDICATION 
NLP_DISC_IN 


ConnID 1 byte 
Cause/Diagnostic Code 2 bytes 
Data Length = 2 bytes 
Optional User Data 
Length 
Data Address = 4 bytes 
Optional User Data 
Address 
Data Refnum = 2 bytes 
Optional User Data 
Refnum 


This primitive is used to indicate disconnection from the switch of a 
current connected line. 


Optional User Data is not present if the Data Length parameter is 


zero. In this case, the Data Refnum and Data Address inputs are not 
used. 
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3.2.4 NLP_DISCONNECT_CONFIRMATION 


PRIMITIVE: NLP_DISCONNECT_CONFIRMATION 

CODE: NLP_DISC_CF 

YNPUTS: ConnID 1 byte 

DESCRIPTION: This primitive is used to confirm that a requested disconnect has been 
completed. 

NOTES: 
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3.3 ME to X25_CC Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Management Entity to 
X25_CC are described in this section. 
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3.3.1 MNLP_ASSIGN_ REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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MNLP_ASSIGN_REQUEST 


MNLP_AS_RQ 

ConnID 1 byte 

LCI 2 bytes 
(== 1 for DMI, 
dummy for CES_NLS) 

CES 1 byte 

SAPI (dummy parameter for 1 byte 
nailed-up X.25) 

L3 Window size (W) 1 byte 

L3 Max User Data Field 1 byte 
Size 

none 

FF by ME 


00 by NLP to indicate successful receipt 
11 by NLP to indicate error in command 


This primitive is used by the Management Entity to assign a particular 
channel as indicated by LCI/CES/SAPI to a ConnID 


The CES implies the Physical channel; CES == CES_NLS indicates a 


D-channel. Likewise, CES == CES_DNUPX25 implies use of the 
D-channel for data. Any other value indicates use of the B-channel. 
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3.3.2 MNLP_REMOVE REQUEST 


PRIMITIVE: MNLP_REMOVE_REQUEST 

CODE: MNLP_RM_RQ 

INPUTS: ConnID 1 byte 
OUTPUTS: none 


RECEIPT CODES: FF by ME 
OO by NLP to indicate successful receipt 
11 by NLP to indicate error in command 


DESCRIPTION: This primitive is used to break the connection between the ConnID 
and a particular channel. 


NOTES: 
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3.3.3 MNLP_TIMER SERVICE_RESPONSE 


PRIMITIVE: 
CODE: 

INPUTS: 
OUTPUTS: 
RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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MNLP_TIMER_SERVICE_RESPONSE 
MNLP_TM_RS 

Timer Refnum 2 bytes 
none 

FF by ME 

OO by NLP to indicate successful receipt 


11 by NLP to indicate error in command 


This primitive is used to indicate that a previously requested timer has 
expired. 
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3.4 X25_CC to ME Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the X25_CC to the 
Management Entity are described 1n this section. 
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3.4.1 MNLP_TIMER_ SERVICE INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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MNLP_TIMER_SERVICE_INDICATION 
MNLP_TM_IN 


Service Type 1 byte 
(O = start timer, 
1 = stop timer, 
2 = restart timer) 


Timer Refnum 2 bytes 
Timeout Value 2 bytes 
none 

FF by NLP 


00 by ME to indicate successful receipt 
11 by ME to indicate error in command 


This primitive is used to request the Management Entity to start, stop, 
or restart timers needed for X.25. 
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3.4.2 MNLP_BUFFER_SERVICE_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MNLP_BUFFER_SERVICE_INDICATION 
MNLP_BF_IN 
Service Type 1 byte 


(O = allocate, 
1 = deallocate) 


Min Buf Size (alloc) 2 bytes 
Buffer Refnum (dealloc) 2 bytes 
Buffer Address (alloc) 4 bytes 
Buffer Refnum (alloc) 2 bytes 
FF by NLP 


OO by ME to indicate request is granted 
11 by ME to indicate request is denied 


This primitive is used to request buffer service -- either to allocate or 
deallocate a particular buffer. 


The output parameters are returned only if the request is granted. 


The Buffer Refnum returned as an output during buffer allocation is 
used as an input during deallocation to specify which buffer to 
deallocate. 
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3.4.3 MNLP_CONNID_INDICATION 


PRIMITIVE: 
CODE: 

INPUTS: 
OUTPUTS: 
RECEIPT CODES: 


DESCRIPTION: 
NOTES: 
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MNLP_CONNID_INDICATION 

MNLP_CID_IN 

none 

ConnID 1 byte 

FF by NLP 

OO by ME to indicate request is granted 

11 by ME to indicate request is denied 

Request from the NLP to the ME to allocate a Connection ID. 


The output parameter is returned only if the request is granted. 
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3.4.4 MNLP_ERROR_ INDICATION 


PRIMITIVE: MNLP_ERROR_INDICATION 

CODE: MNLP_ER_IN 

INPUTS: NLP Error Code 1 byte 
OUTPUTS: none 


RECEIPT CODES: FF by NLP 
00 by ME to indicate request is granted 
11 by ME to indicate request is denied 
DESCRIPTION: Indication from the NLP to the ME that an NLP error has occurred. 


NOTES: The NLP Error Codes are defined in the AmLink3 User’s guide. 
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1 General Description 


1.1 Purpose 


The X.25 Data Phase module performs the layer 3 X.25 functions dealing with data transfer and 
data link management. This document should be used in conjunction with the "ISDN X.25 Call 
Control Interface Reference Guide," for a complete look at the functions of X.25 layer 3. 
However, for cases of pure data transfer, with no call control features needed, this document may 
be used by itself. 


1.2 Development Environment 


The X.25 Data Phase module is implemented using Microsoft ’C’ compiler Version 5.0 and the 
Microsoft Macro Assembler Version 5.0. 


2 Functional Description 


2.1 Inter-layer Functional Interfaces 


The functional interfaces between the Network Layer Packet (NLP) entity and adjacent layers 
(levels) are of two basic types: "acknowledged" and "unacknowledged" Primitive Transfer 
Points. At an "acknowledged" type of inter-layer interface, the entity sending a primitive waits 
for the receiving entity to acknowledge receipt of the primtive before the sending entity proceeds 
with any further processing. In the "unacknowledged" case, when a layer entity sends a 
primitive, it does not wait for any acknowledgement of receipt of the primitive before 
proceeding. (These basic types are described in greater detail in the "AMD ISDN BRI Software 
Architecture Reference Guide.") 


In different implementations, the physical mechanisms used to provide "acknowledged" and 
“unacknowledged” Primitive Transfer Points may vary. For example, the "unacknowledged" 
type Primitive Transfer Point may be implemented using the inter-process message queue 
services provided by one of the many real-time operating systems available. An "acknowledged" 
type of command may use a "mailbox" type with an receipt code field. 


The NLP entity is designed to be independent from the physical mechanisms used to transfer 
primitives to and from adjacent layers. All primitive transfers with other layers are accomplished 
via operating system-independent inter-entity function calls. If a user wishes to change the 
physical mechansim for sending and receiving inter-layer primitives at a particular inter-layer 
interface, it is only necessary to re-write the appropriate inter-entity interface functions. For the 
NLP, these functions are: 
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me_nlpservice() Called by the ME to notify the NLP that the ME has placed a 
primitive to be executed in the appropriate "acknowledged" 
Primitive Transfer Point. 


nlp_meservice() Called by the NLP to notify the ME that the NLP has placed a 
primitive to be executed in the appropriate "acknowledged" 
Primitive Transfer Point. 


ce_nlp_sndQ) Called by the Coordinating Entity to send a primitive to the 
NLP entity via the appropriate "unacknowledged" Primitive 
Transfer Point. 


cep3() NLP function to receive a primitive from the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


nlp_ce_sndQ) Called by the NLP to send a primitive to the Coordinating 
Entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


p3ce() Coordinating Entity function to receive a primitive to the NLP 
entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


12_nlp_sndQ) Called by the Layer 2 (LAPD) to send a primitive to the NLP 
entity via the appropriate "unacknowledged" Primitive Transfer 
Point. 


12p3Q NLP function to receive a primitive from Layer 2 (LAPD) via 
the appropriate "unacknowledged" Primitive Transfer Point. 


nlp_12_snd() Called by the NLP to send a primitive to Layer 2 (LAPD) via 
the appropriate "unacknowledged" Primitive Transfer Point. 


13120 Layer 2 function to receive a primitive from the NLP entity via 
the appropriate "unacknowledged" Primitive Transfer Point. 


Note: Function names ending in "service" denote inter-entity service functions used with 
"acknowledged" Primitive Transfer Points. Function names ending in "_snd" and "_rcv" indicate 
inter-entity functions used with "unacknowledged" Primitive Transfer Points. 


For the sake of brevity, an "acknowledged" Primitive Transfer Point is referred to as a "mailbox" 


in the rest of this document. An "unacknowledged" Primitive Transfer Point is referred to as a 
“message exchange." 
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2.2 Inter-layer Communication 


The following sections describe the primitives, and their parameters, of communications between 
the Layer 3 Network Layer Packet (NLP) package and the Coordinating Entity and Management 
Entity. Primitives between NLP and Layer 2 (LAPB/LAPD) are described in the "ISDN 
AmLINK Interface Reference Guide." The primitives listed here describe in detail the format of 
the messages to be passed, but do not specifically tie down the code to the method of passage. 
This is done deliberately to preserve operating system independence. 
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AmLink3 


2.3 CE and X25_ DP Communication Interface 


The interface between the Coordinating Entity and the X25_DP entity uses message queues, as 
described in the inter-layer functional interfaces section. Messages between the NLP (X.25 Data 
Phase) and the Coordinating Entity are concerned with data transfer. Most messages are able to 
be self-contained within the size of a message block. Incoming and outgoing DATA and 
EXPED_DATA requests have data associated with them which can not be contained within a 
message block. Therefore, they make use of an additional buffer which is used to contain 
parameters. This is referred to as an "indirect parameter block." 
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2.3.1 CE to X25_DP Interface 


The CE-to-NLP interface primitives are communicated via the "CEP3" message exchange. 


The structure of a message sent by the CE to the "CEP3" message exchange is as follows: 


Message 

Length Offset 
Parameter (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length Z 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the CE to the NLP uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 
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The following is a C language representation of the Layer 4/CE/NLP/NLS common message 
structure: 


struct 14_ce_13_msg { 
unsigned long reserved; /* reserved for oper sys use */ 
unsigned long home_exch; /* reserved for oper sys use */ 
unsigned char primcode; /* primitive command code */ 
unsigned char receipt; /* primitive receipt code */ 
unsigned char d_attrib; /* data attributes */ 
unsigned short datalen; /* length of data buf */ 
unsigned short refnum; /* refnum of data buf */ 
unsigned char cause[2]; /* cause of DISC,RESET,STATUS */ 
unsigned short lci; /* Logical Channel Number */ 
unsigned char connid; /* CONNection ID */ 
char (far *dataptr); /* ptr to prim-specific data buf */ 


? 


In the CE-to-NLP direction the CE formats a primitive message including parameters and calls 
the "ce_nlp_sndQ" function with a pointer to the primitive struct as a function argument. The 
NLP is awakened within the "cep3()" function when the message is received from the CE. 


The following primitives are used for communication from the Coordinating Entity to X25_DP: 


NLP_RES_RQ Request from CE to NLP to RESET data link. 
NLP_RES_RS Response from CE to NLP to indicate reset acknowledged. 
NLP_DATA_RQ Request from CE to NLP to transmit data. 
NLP_DACK_RQ Request from CE to NLP to acknowledge D-bit data. 
NLP_EXP_RQ Request from CE to NLP to send expedited data. 
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2.3.2 X25 DP to CE Interface 


The NLP-to-CE interface primitives are communicated via the "P3CE" message exchange. 


The structure of a message sent by the NLP to the "P3CE" message exchange is as follows: 


Message 

Length Offset 
Parameter (Bytes) (Bytes) 
Reserved for Operating System 8 0 
Primitive Code 1 8 
Receipt Code 1 9 
Data Attributes 1 10 
Data Length 2 11 
Data Refnum 2 13 
Cause 2 15 
Logical Channel ID (LCI) 2 17 
Connection ID (ConnID) 1 18 
Data Address 4 22 


This message format is used for all primitives passing among the Layer 4, Coordinating Entity 
(CE), Network Layer Packet (NLP), and Network Layer Signalling (NLS) entities. Each 
primitive passing from the NLP to the CE uses only a few of the parameters listed above. The 
detailed description of each primitive indicates which parameters are used for that primitive. 


In the NLP-to-CE direction the NLP formats a primitive message including parameters and calls 


the "nlp_ce_snd()" function with a pointer to the primitive struct as a function argument. The 
CE is awakened within the "p3ce()" function when the message is received from the NLP. 
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The following primitives are used for communication from X25_DP to the Coordinating Entity: 


NLP_RES_IN 
NLP_RES_CF 
NLP_DATA_IN 
NLP_DACK_IN 
NLP_EXP_IN 


Indication from NLP to CE of a RESET on data link. 
Confirmation from NLP to CE of requested RESET data link. 
Indication from NLP to CE of incoming data. 

Indication from NLP to CE of far-end window rotation. 


Indication from NLP to CE of received expedited data. 
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2.4 ME and X25_DP Communication Interface 


The interface between the Management Entity and the X25_DP entity uses "acknowledged" 
mailboxes, as described in the inter-layer functional interfaces section. Primitives between the 
NLP (X.25 Data Phase) and the Management Entity are concerned with timer and buffer 
allocation/deallocation and LCI/CES/SAPI assignments. 
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2.4.1 ME to X25 DP Interface 


The ME-to-NLP interface primitives are communicated via the ME_NLP_Mailbox. The 
ME_NLP_Mailbox is at a fixed location in RAM. 


The structure of the ME_NLP_Mailbox is as follows: 


Length 

(Bytes) 
Primitive Code 1 
Receipt Code 1 
Primitive Parameters 14 


To initiate a primitive transfer, the ME writes a primitive code, any associated parameters, and a 
hex FF receipt code in the ME_NLP_Mailbox (pointed to by the "ME_NLP" mailbox pointer) 
and calls the "me_nlpservice()" function entry point in the the NLP entity. Once the NLP has 
finished processing the primitive, the NLP writes the receipt code in the mailbox and returns. 


The following primitives are used for communication from the Management Entity to X25_DP: 


MNLP_AS_RQ Request from ME to NLP to assign LCI/SAPI. 
MNLP_RM_RQ Request from ME to NLP to disassociate LCI/SAPI from ConnID. 
MNLP_TM_RS Response from ME to NLP indicating timer expiration. 


AmLink3 Interface Reference Guide 3-175 


2.4.2 X25 DP to ME Interface 


The NLP-to-ME interface primitives are communicated via the NLUP_ME_Mailbox. The 
NLP_ME_Mailbox is at a fixed location in RAM. 


The structure of the NLP_ME_ Mailbox is as follows: 


Length 

(Bytes) 
Primitive Code 1 
Receipt Code 1 
Primitive Parameters 14 


To initiate a primitive transfer, the NLP writes a primitive code, any associated parameters, and a 
hex FF receipt code in the NLP_ME_ Mailbox (pointed to by the "NLP_ME" mailbox pointer) 
and calls the "nlp_meservice()" function entry point in the the ME entity. Once the ME has 
finished processing the primitive, the ME writes the receipt code in the mailbox and returns. 


The following primitives are used for communication from the X25_DP to Management Entity: 


MNLP_TM_IN Indication from NLP to ME indicating timer service needed. 

MNLP_BF_IN Indication from NLP to ME indicating buffer service needed. 

MNLP_CID_IN Request from the NLP to the ME to allocate a Connection ID. 

MNLP_ER_IN Indication from the NLP to the ME that an NLP Error has 
occurred. 
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3 Detailed Functional Specifications 


In this section the NLP and MNLP primitives and their associated command/event codes and 
parameters are described in more individual depth. 


The NLP primitives are used for communication interface between the Coordinating Entity and 
the NLP. The MNLP primitives are used between the Management Entity and the NLP. 


In case of 2 byte long parameters, the least significant byte is loaded first. For example if 
LENGTH is a 2 byte long parameter the parameter field will have the following format: 


Octet 1 Low order 8 bits of LENGTH (LSB) 
Octet 2 High order 8 bits of LENGTH (MSB) 


In case of address parameters, the parameter will occupy four bytes and will have the format as 
described below: 


Octet 1 Low order 8 bits of the OFFSET 
Octet 2 High order 8 bits of the OFFSET 
Octet 3 Low order 8 bits of the SEGMENT 
Octet 4 High order 8 bits of the SEGMENT 


Each primitive description contains the following information: 


PRIMITIVE: The name of the primitive 

CODE: Mnemonic code representing the primitive 

INPUT: Input parameters required for this primitive 

DESCRIPTION: The function provided by this primitive 

NOTES: Special considerations or characteristics related for this primitive 


In addition, MNLP primitives require two additional information sections, due to their use of 
"acknowledged" mailboxes: 


RECEIPT CODES: Codes entered into the receipt code field of the mailbox 
OUTPUTS: Output parameters as needed, placed into the mailbox by the 


requested entity, for use by the requestor upon acknowledgement of 
the primitive 
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3.1 CE to X25_DP Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Coordinating Entity to 
X25_DP are described in this section. 
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3.1.1 NLP_RESET REQUEST 


PRIMITIVE: NLP_RESET_REQUEST 
CODE: NLP_RES_RQ 
INPUTS: ConnID 1 byte 
Cause/Diagnostic Code 2 bytes 
DESCRIPTION: aoe primitive is used to request the resetting of an established data 
ink. 
NOTES: 
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3.1.2 NLP_ RESET RESPONSE 


PRIMITIVE: 
CODE: 
INPUTS: 
DESCRIPTION: 


NOTES: 
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NLP_RESET_RESPONSE 
NLP_RES_RS 
ConnID 1 byte 


This primitive is used to indicate that the resetting of a data link has 
been completed. - 
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3.1.3 NLP_DATA_REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_DATA_REQUEST 
NLP_DATA_RQ 


ConnID 1 byte 
Data Length 2 bytes 
Data Address 4 bytes 
Data Refnum 2 bytes 
Data Attributes 1 byte 


This primitive is used to request that a data block be transmitted. 


The ConnlID is used as an identifier for a particular logical link/chan- 
nel across the upper layers of the ISDN software. 


User data is located at Data Address plus an offset of 7 bytes. This 
7-byte "hole" is left at the "front" of the user data to allow room for 
the Layer 2 and Layer 3 protocol packet headers. Similarly, the Data 
Length parameter is equal to the actual user data length plus 7 bytes. 


Data Attributes has the following values: 


Bit 

Q ==0, not D-bit Data; 
== 1, D-bit Data 

1 ==0, not M-bit Data; 
== 1], M-bit Data 

2 ==0, not Q-bit Data; 
== 1, Q-bit Data 
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3.1.4 NLP_DATA ACKNOWLEDGE REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 
DESCRIPTION: 


NOTES: 
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NLP_DATA_ACKNOWLEDGE_REQUEST 
NLP_DACK_RQ 
ConnID 1 byte 


This primitive is used to acknowledge data that has been received 
(and rotate window). 
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3.1.5 NLP_EXPEDITED DATA REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_EXPEDITED_DATA_REQUEST 


NLP_EXP_RQ 

ConnID 1 byte 
Data Length 2 bytes 
Data Address 4 bytes 
Data Refnum 2 bytes 


This primitive is used to request that an expedited data block be 
transmitted. 


Optional User Data is not present if the Data Length parameter is 
zero. In this case, the Data Refnum and Data Address inputs are not 
used. 


If user data is present, it is located at Data Address plus an offset of 7 
bytes. This 7-byte "hole" is left at the "front" of the user data to allow 
room for the Layer 2 and Layer 3 protocol packet headers. Similarly, 
the Data Length parameter is equal to the actual user data length plus 
7 bytes. 
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3.2 X25 DP to CE Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the X25_DP to the 
Coordinating Entity are described in this section. 
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3.2.1 NLP_ RESET INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 
NOTES: 


NLP_RESET_INDICATION 


NLP_RES_IN 
ConnID 1 byte 
Cause/Diagnostic Code 2 bytes 


This primitive is used to indicate the resetting of the data link. 
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3.2.2 NLP_RESET_CONFIRMATION 


PRIMITIVE: 
CODE: 
INPUTS: 
DESCRIPTION: 


NOTES: 
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NLP_RESET_CONFIRMATION 
NLP_RES_CF 
ConnID 1 byte 


This primitive is used to confirm that a requested reset of the data link 
has been done. 
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3.2.3 NLP_DATA_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_DATA_INDICATION 


NLP_DATA_IN 

ConnID 1 byte 
Data Length 2 bytes 
Data Address 4 bytes 
Data Refnum 2 bytes 
Data Attributes 1 byte 


This primitive is used to indicate an incoming data block. 


The ConnID is used as an identifier for a particular logical link/chan- 
nel across the upper layers of the ISDN software. 


User data is located at Data Address. The Layer 2 and Layer 3 
protocol packet headers have already been "stripped." Similarly, the 
Data Length parameter is equal to the actual user data length. 


Data Attributes has the following values: 


Bit 

Q ==0, not D-bit Data; 
== 1, D-bit Data 

1 ==0, not M-bit Data; 
== 1, M-bit Data 

2 ==0, not Q-bit Data; 
== 1, Q-bit Data 
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3.2.4 NLP_ DATA_ACKNOWLEDGE_ INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 
DESCRIPTION: 


NOTES: 
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NLP_DATA_ACKNOWLEDGE_INDICATION 
NLP_DACK_IN 
ConnID 1 byte 


This primitive is used to confirm that the far-end has acknowledged 
receipt of data. 
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3.2.5 NLP_EXPEDITED DATA_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


DESCRIPTION: 


NOTES: 


NLP_EXPEDITED_DATA_INDICATION 


NLP_EXP_IN 

ConnID 1 byte 
Data Length 2 bytes 
Data Address 4 bytes 
Data Refnum 2 bytes 


This primitive is used to indicate the arrival of expedited data. 


Optional User Data is not present if the Data Length parameter is 
zero. In this case, the Data Refnum and Data Address inputs are not 
used. 


If user data is present, it is located at Data Address. The Layer 2 and 
Layer 3 protocol packet headers have already been "stripped." 
Similarly, the Data Length parameter is equal to the actual user data 
length. 
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3.3 ME to X25_DP Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the Management Entity to 
X25_DP are described in this section. 
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3.3.1 MNLP_ASSIGN_ REQUEST 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MNLP_ASSIGN_REQUEST 


MNLP_AS_RQ 

ConnID 1 byte 

LCI 2 bytes 
(== 1 for DMI, 
dummy for CES_NLS) 

CES 1 byte 

SAPI (dummy parameter for 1 byte 
nailed-up X.25) 

L3 Window size (W) 1 byte 

L3 Max User Data Field 1 byte 
Size 

none 

FF by ME 


00 by NLP to indicate successful receipt 
11 by NLP to indicate error in command 


This primitive is used by the Management Entity to assign a particular 
channel as indicated by LCI/CES/SAPI to a ConnID 


The CES implies the Physical channel; CES == CES_NLS indicates a 


D-channel. Likewise, CES == CES_DNUPX25 implies use of the 
D-channel for data. Any other value indicates use of the B-channel. 
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3.3.2 MNLP_ REMOVE REQUEST 


PRIMITIVE: MNLP_REMOVE_REQUEST 

CODE: MNLP_RM_RQ 

INPUTS: ConnID 1 byte 
OUTPUTS: none 


RECEIPT CODES: FF by ME 
00 by NLP to indicate successful receipt 
11 by NLP to indicate error in command 


DESCRIPTION: This primitive is used to break the connection between the ConnID 
and a particular channel. 


NOTES: 
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3.3.3 MNLP_TIMER SERVICE RESPONSE 


PRIMITIVE: MNLP_TIMER_SERVICE_RESPONSE 
CODE: MNLP_TM_RS 

INPUTS: Timer Refnum 2 bytes 
OUTPUTS: none 


RECEIPT CODES: FF by ME 
00 by NLP to indicate successful receipt 
11 by NLP to indicate error in command 


DESCRIPTION: This primitive is used to indicate that a previously requested timer has 
expired. 


NOTES: 
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3.4 X25 DP to ME Interface Primitives and Parameters 


The detailed functional specifications for the primitives directed from the X25_DP to the 
Management Entity are described in this section. 
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3.4.1 MNLP_TIMER SERVICE_INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


MNLP_TIMER_SERVICE_INDICATION 
MNLP_TM_IN 


Service Type 1 byte 
(O = start timer, 
1 = stop timer, 
2 = restart timer) 


Timer Refnum 2 bytes 
Timeout Value 2 bytes 
none 

FF by NLP 


00 by ME to indicate successful receipt 
11 by ME to indicate error in command 


This primitive is used to request the Management Entity to start, stop, 
or restart timers needed for X.25. 
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3.4.2 MNLP_ BUFFER SERVICE INDICATION 


PRIMITIVE: 
CODE: 
INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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MNLP_BUFFER_SERVICE_INDICATION 
MNLP_BF_IN 
Service Type 1 byte 


(0 = allocate, 
1 = deallocate) 


Min Buf Size (alloc) 2 bytes 
Buffer Refnum (dealloc) 2 bytes 
Buffer Address (alloc) 4 bytes 
Buffer Refnum (alloc) 2 bytes 
FF by NLP 


OO by ME to indicate request is granted 
11 by ME to indicate request is denied 


This primitive is used to request buffer service -- either to allocate or 
deallocate a particular buffer. 


The output parameters are returned only if the request is 
granted. 


The Buffer Refnum returned as an output during buffer allocation is 


used as an input during dealloction to specify to the ME which buffer 
to deallocate. 
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3.4.3 MNLP_CONNID INDICATION 


PRIMITIVE: 
CODE: 

INPUTS: 
OUTPUTS: 
RECEIPT CODES: 


DESCRIPTION: 
NOTES: 


MNLP_CONNID_INDICATION 

MNLP_CID_IN 

none 

ConnID 1 byte 

FF by NLP 

OO by ME to indicate request 1s granted 

11 by ME to indicate request is denied 

Request from the NLP to the ME to allocate a Connection ID. 


The output parameter is returned only if the request is granted. 
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3.4.4 MNLP ERROR INDICATION 


PRIMITIVE: MNLP_ERROR_INDICATION 

CODE: MNLP_ER_IN 

INPUTS: NLP Error Code 1 byte 
OUTPUTS: none 


RECEIPT CODES: FF by NLP 
00 by ME to indicate request is granted 
11 by ME to indicate request is denied 
DESCRIPTION: Indication from the NLP to the ME that an NLP error has occurred. 


NOTES: The NLP Error Codes are defined in the AmLink3 User’s Guide. 
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1 ISDN Terminal Coprocessor Board — 


Member of AMD ISDN Applications Board family 

Designed for use in PC-XT and PC-AT compatible computers 
Simultaneous voice + data for ISDN applications 

10 MHz iAPX 188 microprocessor subsystem: 


- 256 kbytes of dynamic RAM 

- 64 kbytes of EPROM 

- 32 kbytes of shared RAM 

- DMA and interrupt-driven operation 

- Digital breadboard area for customer circuits 


4-wire ISDN ’S’ Interface: 


- compliant with CCITT 1.430 

- implemented with Am79C30A Digital Subscriber Controller™ 
- supports point-to-point and point-to-multipoint 

- D-channel protocol implemented using Am79C30A 


Voice Function Interfaces: 


- audio processing performed by Am79C30A 

- two telephone connectors for handsets or loudspeakers 

- carbon handset interface provided 

- analog breadboard area for customer circuit development 


’*B’ Channel Support: 


- Am79C401 provides ’B’ channel data link controller 

- DMA support for ’B’ channel data transfer 

-Am79C401 USART provides superset of 8250 USART 

- RS232 port for a terminal, or connection to PC COMM port 


Extensive Software Support: 
- menu-driven control interface 
- includes hex downloader program for user code 


- designed to execute AMD’s AmLink3™ software package, 
which provides ISDN voice and data (X.25) connection 


Am79B320 Technical Manual 3-201 


3-202 


2 System Overview 


The AMD ISDN Terminal Coprocessor Board™ (ITCB™) is an intelligent 
80188-based plug-in board for PC-XT or PC-AT compatible personal computers, and 
was created to meet the following goals: 


1) 


2) 


3) 


4) 


5) 


To provide sufficient coprocessing power to design and run 
ISDN software of level 3 and below on a PC. 


To provide a demonstration and evaluation tool for the Am79C401 
IDPC™ (Integrated Data Protocol Controller™) and Am79C30A 
DSC (Digital Subscriber Controller). 


To realize a combination of AMD hardware and software that can 
be certified as compliant with ISDN switching systems. 


To provide an environment for the development of Am79C401 
ae Am79C30A applications, such as terminal adaptation or 
25. 


To provide an environment for the demonstration and evaluation 
of Am79C30A transmission performance. The board layout and 
design approaches utilized illustrate how to maximize audio 
performance in the PC environment. 
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3 Hardware Architecture 


3.1 Block Diagram 


Diagram 1 illustrates the main functional blocks of the ITCB. The "local" 
processor is a 10 MHz 80188, which has access to 64K bytes of EPROM and 256K 
bytes of dynamic RAM. The 80188 address bus is demultiplexed by a transparent 
latch enabled by ALE, and the ITCB address/data busses are completely separate 
from those of the "host" PC processor. 


There are three peripheral devices available to the 80188: an Am79C30A Digital 
Subscriber Controller, an Am79C401 Integrated Data Protocol Controller, and a 
simple ALS374 providing a latched output port. 


The DSC is wired to one eight-pin and two four-pin modular jacks. The eight-pin 
jack is dedicated as a CCITT ’S’ interface connector, and one of the four-pin jacks is 
pre-wired as a carbon telephone handset interface. The other four-pin jack is 
uncommitted, and together with the analog breadboard area may be used to 
implement interfaces for dynamic microphones or loudspeakers. The serial port of 
the DSC is jumper-selectable to interface to the IDPC or to an external audio tester. 


The IDPC serial port is wired to a DB9 connector through RS-232C drivers 
and receivers, to support the connection of external terminal devices. The IDPC 
also controls a 32K byte shared memory through which the local and host 
processors communicate. 


The ALS374 latch is used by the 80188 to control the IDPC powerdown pin 
and DSC reset pin. TP1 through TP6 are test points which are connected to the 
unused outputs of the latch to simplify the addition of new board functions by the 
user. 


The ITCB also includes buffers and decoders to interface to the PC bus. The PC 
processor views the ITCB as a 32K block of memory, four I/O addresses, and as an 
optional interrupt source for IRQ3 or IRQ4. The memory and I/O addresses are 
switch-selectable. 


3.2 PC Interface 


The PC interface consists primarily of straightforward buffering and decoding 
logic. Hysteresis is provided for all signal inputs, and no more than two LSTTL 
loads are placed on any one input. 


DIP switches X29 pin 4 through X29 pin 8 are used to select the location in the 
PC memory space of the 32K block of shared RAM present on the ITCB. Switches 4 
through 8 correspond to PC address lines A15 through A19 respectively, and are 
labelled next to the switches on the board. A switch setting of ON’ designates a 
logical zero for the associated address bit, and a setting of OFF’ designates a logical 
one. For example, setting switch 8 to OFF and switches 4 through 7 ’ON’ places the 
shared memory at $80000 to $87FFF. 
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DIP switches X24 pin 1 through X24 pin 8 are used to select the base address in 
PC I/O space of four address strobes. These strobes are only activated by a I/O 
READ of one of the four addresses. Switches 1 through 8 correspond to PC address 
lines A2 through AQ respectively, with ’ON’ representing a logical zero for the 
associated address line as before. 


The function of the I/O read strobes is as follows: 


READ of I/O base +0 = spare I/O strobe 

READ of I/O base +1 = ‘Forces a pulse on the 80188 NMI input 

READ of I/O base +2 = Pulses the HNTAC input of the 79C401 to force 
the HINTOUT interrupt (ITCB to PC) inactive. 

READ of I/O base +3 = Pulses the HNTIN input of the 79C401 to force 


the LINTOUT interrupt (PC to ITCB) active. 


Jumpers T5-T6-T7 are used to determine which, if either, of IRQ3 or IRQ4 are 
connected to the shared memory interrupt source HINTOUT. Ifthe jumper 
is placed across T6-T7, IRQ4 is used, and if placed across T5-T6, IRQ3 is used. 


Jumpers T1 through T4 are used to connect the serial port between the DSC and 
the IDPC. If these jumpers are removed, the serial port signals may be used to 
connect an audio tester to the DSC. 


Example Memory Switch Settings (X29) 


X29-41X29-51X29-61X29-71X29-81 Base Ad- 
dress 

ON 

ON 

ON 

ON 

ON 


ON | ON [ON $80000 
OFF [ON [ON 

ON |] OFF | ON 

OFF | OFF | ON | 

ON [ON [OFF 


$90000 
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$A0000 
$B0000 
$C0000 





Example I/O Switch Settings (X24) 


X24-1 [X24-2 [X24-3 [X24-4 [X24-5 [X24-6 [X24-7 [X24-8] Address | 
ON [ON [ON [ON [ON |ON | OFF | OFF | $300 
ON [ON [oN |ON [ON |oOFF | OFF | OFF | $380 


3.3 Microprocessor Subsystem 






3.3.1 Interrupt Structure 
The 80188 is provided with four level-triggered interrupts: 


INTO - Indicates an interrupt from the DSC. 
INT1 - Indicates an interrupt from the IDPC Data Link Controller. 
INT2- Indicates an interrupt from the IDPC USART. 


INT3- Indicates an interrupt from the PC, routed thorough the IDPC. 
Its customary interpretation is that the PC processor has 
er 2 block of data in the dualport memory written by the 


3.3.2 DMA Structure 


The two DMA requests of the 80188 internal DMA controller are dedicated to 
servicing the transmit and receive FIFOs of the IDPC Data Link Controller. Of 
special note is the generation of the DMA acknowledge pulse IDDACK*. This pulse 
is active when the 80188 RD*, S6 (A19), and DEN*® signals are active coincident 
with a 80188 access to shared RAM. Since S6 = 1 indicates a DMA cycle, IDDACK* 
is active when the processor is performing a DMA READ of the shared RAM area 
prior to writing this data to the IDPC. This ensures that the IDPC will have 
sufficient time to remove its DMA request in time to prevent an extra access by the 
DMA controller. Furthermore, this "early" acknowledge allows use of source-syn- 
chronized DMA transfers, which are approximately 20% faster than destina- 
a DMA transfers, even though the destination is requesting the 


Diagrams 10 and 11 illustrate destination and source-synchronized transfers 
respectively. The signal /DAC is the DMA acknowledge, DREQ is the DMA request, 
and /ID is the IDPC chip select. The two pulses seen on /ID preceding the activation 
of DREQ are writes to the IDPC transmit byte count register to initiate DMA. 
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Diagrams 12 and 13 illustrate finer detail of the setting of the DMA request 
and its subsequent removal by IDDACK*. Note that the IDPC only examines its 
acknowledge input when it is waiting for the last transmit byte. 


3.3.3 READY Generation 


The 80188 may be requested to insert wait states by two sources, the dualport 
memory or the DRAM state machine. In the case of the dualport memory, the 
80188 will be forced to wait if it attempts to access the dualport memory after the 
PC has been granted a memory cycle by the IDPC dualport memory controller. This 
is indicated by the LRDY output of the IDPC. Similiarly, the 80188 will be forced to 
wait if it attempts to access DRAM after a refresh cycle has been started by the 
DRAM state machine. These two cases are detected by equations in the 20RA10 
PAL® and an output is clocked by the 80188 CLKOUT signal in order to present the 
output to the 80188 synchronous ready input SRDY. 


3.4 Memory Subsystem 
3.4.1 Memory Map 

The memory map of the ITCB is organized as follows: 
$00000 through $3F FFF 256K bytes of dynamic RAM 
$80000 through $87FFF 32K bytes of shared static RAM 
$A0080 through $A00BF IDPC address space 
$A0100 Latch address 
$A0200 through $A0208 DSC address space 
$F0000 through $FFFFF 64K bytes of EPROM 


The internal peripherals of the 80188 reside in I/O space, beginning at $FF00. 


3.4.2 EPROM 


The EPROM used is a 200 nsec or faster 64Kx8 Am27C512, and is directly 
connected to the demultiplexed 80188 system bus. The output enable is tied to RD* 
to prevent bus contention in case of an erroneous write to EPROM, and the chip 
enable is tied to the upper chip select UCS* of the 80188. 
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3.4.3 Dual-port RAM Subsystem 


The operation of the IDPC dual-port memory controller (DPMC) is described in 
full detail in the IDPC technical manual. In essence, the DPMC samples the 
memory chip selects from the local and host processors, and initiates a memory 
access cycle if one or both of the selects are active. Simultaneous requests are 
arbitrated in favor of the local processor, and contention is resolved by pulling 
either the local or host READY line low, thereby injecting wait states. 


A memory access consists of generating chip select, and output enable or write 
enable as appropriate to the 32K static RAM, as well as activating buffers and/or 
latches for either a host or local access. As can be seen on page 3 of the ITCB 
schematics, the IDPC provides HABE* and LABE* for the host and local address 
bus enables, DBE* and LDBE* for the host and local data bus enables, HDLOE* 
and LDLOE* for the host and local data latch output enables, and HDLE and LDLE 
for the host and local data latch enables. 


3.4.4 Dynamic RAM Subsystem 


The ISDN Terminal Coprocessor Board includes 256K bytes of dynamic memory, 
implemented in eight 256Kx1 120 nsec devices. The microprocessor interface to the 
DRAMs consists of an AMD 673102A DRAM controller and an AMD 20RA10 PAL. 


The 673102A provides all of the basic support functions for the DRAMs, and 
interfaces cleanly to the multiplexed 80188 bus. Addresses are strobed into the 
673102A by the 80188 ALE signal, whereupon a negative transition of the RASIN* 
input instructs the 673102 to provide the DRAMs with multiplexed addresses, row 
and column address strobes, and if necessary, a write enable. The 673102A is 
operated in auto-access mode, whereby the critical address, RAS*, and CAS* timing 
is internally generated. The 673102A outputs are designed to drive highly capaci- 
tive loads, and incorporate series damping resistors to reduce voltage undershoot. 
The DRAM controller also incorporates a refresh counter, and will generate 
RAS-only refresh cycles under control of its RFSH* and RASIN* inputs. 


The 20RA10 PAL implements a state machine which arbitrates between normal 
microprocessor memory cycles and refresh cycles, and generates the appropriate 
refresh signal RFSH* and row address input RASIN* for the 673102A. The two 
DMA channels of the 80188 are dedicated to servicing the Am79C401 IDPC, and 
thus are not available to implement refresh as is often done. An alternative scheme 
is used whereby the Timer] output of the 80188 sets a flip-flop in the 20RA10 to 
indicate that a request for a refresh cycle has been issued. Timer] has been 
programmed to generate a periodic pulse which guarantees that the 256 rows are 
refreshed every 4 msec as specified by the DRAM manufacturer. 


The state machine is clocked on the falling edge of the 10 MHz 80188 CLKOUT 
signal, and consists of eight states encoded by three state variables S2, S1, and SO. 
The inputs are the three state variables, the 80188 DRAM memory select 
DRAMEN*%, and the output of the refresh request latch RLTCH. Furthermore, the 
state machine has the ability to drive the synchronous ready line SRDY of the 
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80188. The state numbers were chosen such that S2 and S1 implement the 
required output functions RFSH* and RASIN* directly. The state transitions are 
illustrated in diagram 2, and the truth table is as follows: 


Inputs Present State Next State 


: | 


1 
1 
1 
0 
0 
0 
| 0 
0 
1 
1 
1 


DO OF Be kKEH OO OF eee 
oF OC FHF OF OO RR eH 
> 2 So ae Cae 
HK OC CO K§RF FF CFC CO FRO 
eH © +B BPO FF CO -§ FOr 





The idle state for the controller state machine is 7111’, which means that RFSH* 
and RASIN* are held HIGH. The controller will remain in state 111’ until the 
80188 DRAMEN* chip select is active or until the output of the flip-flop set by 
Timer! is active. 


When the DRAMEN* chip select is sampled active, indicating a normal memory 
cycle, itis known that the processor is in T2. The next state of the controller is 
state 101’, which maintains RFSH* HIGH but drives RASIN* LOW. This is 
followed by state 100’, which maintains RFSH* HIGH and RASIN* LOW as the 
processor moves to T3. Note that it is not necessary to generate CASIN* for the 
673102A; in a refresh cycle the 673102A ignores CASIN*, thus it is sufficient to tie 
CASIN* ae After 100’ the controller returns to ‘111’ as the processor 
moves to 14. 


Diagram 3 illustrates the case of two back-to-back RAM accesses, and it may be 
seen that RASIN* is LOW for two processor clock cycles during memory access then 
HIGH for two processor cycles. This ensures that the 673102A will bring RAS* 
HIGH sufficiently long to guarantee DRAM precharge for the second memory 
access. For diagrams 3 through 9 signal REFRO1 is the Timer1 refresh request, and 
REF R00 is the output of the refresh request latch RLTCH. 
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If the controller is in state 111’ and samples DRAMEN* HIGH and RLTCH 
HIGH, it means that a refresh request is pending and that the processor is not 
currently requesting access to DRAM. In this case the controller prepares for a 
refresh cycle by moving to state 010’, which sets RFSH* LOW to the 673102A but 
maintains RASIN* HIGH. It is not permissible to lower RFSH* and RASIN* 
simultaneously to the 673102A. The RFSH* output is tied to the reset of the refresh 
request latch RLTCH, which will clear the refresh request once the controller 
begins the refresh sequence. The next state transitions are 001’ followed by ’000’, 
which lowers RASIN* for two processor cycles and initiates a refresh cycle by the 
673102A. State 000’ is followed by state 011’, which sets RASIN* HIGH for one 
cycle. The need for this state could be eliminated by fast DRAMs with a small 
eoeereyty RAS* HIGH time, but the improvement in processor throughput is 
marginal. 


It is possible for the DRAMEN* chip select to be sampled active during any of 
states 010’, 001’, 000’, or 011’. If this occurs, the controller drives SRDY of the 
80188 LOW to insert wait states until the controller can complete the refresh cycle. 
These cases are illustrated in diagrams 6 through 9. 


When in state 011’ the controller will sample DRAMEN* to see if the processor 
requested DRAM access during any of the refresh states. If not, the controller 
returns to the idle state 111’ which maintains RASIN* HIGH for a minimum of one 
additional cycle, and restores RFSH* to HIGH in preparation for ensuing memory 
accesses. If DRAMEN* is sampled LOW during ’011’, it means that the processor is 
requesting DRAM access. The controller then moves to state 110’, which restores 
RFSH* HIGH to prepare the 673102A for a normal memory access. The controller 
cannot return to idle state 111’ to service the memory request, because the 
processor would see its SRDY return HIGH too early and it would fall out of 
synchronization with the controller. 


After state 110’, the controller releases SRDY to HIGH and moves to state 7101’ 
to complete service of the memory access in the normal fashion. 


If the controller is in state 111’ and simultaneously samples DRAMEN* LOW 
and RLTCH HIGH, priority is given to the processor access to minimize the effect of 
refresh on processor throughput. Since the refresh request is latched, the controller 
will service it after completing the current memory access. This case is illustrated 
in diagram 5, which also serves to show that refresh is guaranteed to take place 
within a few cycles of the refresh request even if the processor is accessing the 
dynamic memory. Note that RASIN* is returned HIGH for two processor cycles 
between the memory accesses and refresh accesses in order to guarantee sufficient 
RAS* HIGH time for DRAM precharge. 
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3.5 Support Hardware 


3.5.1 RESET Generation 


The ITCB is reset upon power-up by an RC network, or it may be reset by 
activation of a manual pushbutton. Reset will affect the 80188, the 20RA10 PAL, 
and the IDPC reset. The DSC reset will be pulsed by the 80188 initialization 
routine, therefore it is indirectly reset upon activation of the pushbutton. The PAL 
will power-up with the state machine in IDLE, and with NMI inactive. 


3.5.2 NMI Generation 


The non-maskable interrupt of the 80188 may be pulsed by the PC processor’s 
activation of the SETNMI* I/O strobe. The SETNMI* strobe is routed to the 
20RA10 PAL, where it sets four flip-flops which are connected in series and clocked 
by the 80188 CLKOUT signal. The output of the last flip-flop drives the 80188 NMI 
input, and the input of the first flip-flop is connected to a logical ’0’. After the 
SETNMI* signal returns to logical 1’, the NMI output remains HIGH for four 
processor clocks. This scheme ensures that the NMI will be recognized by the 
processor independant of the width of the SETNMI* strobe. 


3.5.3 DIP Switch Input 


DIP switch X29 pin 3 is wired to a pullup resistor and to the Timer 0 input of the 
80188. Since the internal Timer 0 can be enabled or disabled by the level present 
on the Timer 0 input, the processor has the capability in software of sensing the 
position of X29 pin 3. If X29 pin 3 is set to OFF, the Timer 0 input is HIGH and the 
board firmware interprets this condition to mean that the dual-port memory is the 
command console for pROBE. If X29 pin 3 is ON, the Timer 0 input is LOW and the 
board firmware assumes that the command console for pROBE is the USART port 
of i IDPC. If pROBE is not installed by the user, then the position of X29 pin 3 is 
irrelevant. 


3.5.4 Breadboard Areas 


The ITCB provides two breadboard areas where users may add additional 
circuitry. The area nearest the telephone connectors is the analog breadboard area, 
and is intended for the breadboarding of low-noise components such as operational 
amplifiers. Access is provided to Analog +5V, Analog ground, +12V, and -12V 
supplies, as well as AREF, AINB, LS1, LS2, and the pins of connector J3. 


Another breadboard area is located at the opposite end of the board, and is 
intended for digital components. Only digital +5V and ground are provided. Note 
also that the DSC signals SFS, SCLK, SBOUT, and SBIN are available near the 
digital breadboard to simplify addition of hardware for half-channel audio testing. 
A DB-9 footprint labelled SPX1 is provided near the digital breadboard area as well. 


3-210 Am79B320 Technical Manual 


3.5.5 Am79C30A Support Hardware 


The only support hardware required by the DSC are the few discrete components 
needed in the LIU and audio paths. The LIU transformer locations have been 
pre-drilled to support three common transformer footprints. All necessary series 
resistors and load resistors have been included, and spare component positions have 
been provided for custom modifications. 


Audio input AINA and jack J2 are pre-wired for a carbon handset interface. 
Audio input AINB, LS1, LS2, and signals from jack J3 are routed to the analog 
iver ga area where applications such as dynamic microphone circuits may be 
tested. 


The serial port of the DSC is connected to the serial port of the IDPC when 
jumpers T7 through T10 are installed. If these jumpers are removed, then the DSC 
serial port may be accessed through the SFS, SCLK, SBIN, and SBOUT test points 
brought out next to the digital breadboard area. 


3.5.6 Am79C401 Support Hardware 


The only support hardware required by the Am79C401 are the RS-232C 
drivers and receivers connected to the DB-9 serial port connector. The drivers are 
powered from +5V and -5V to reduce noise on the ITCB. 


3.6 Board Layout Considerations 


3.6.1 General Design Considerations 


Numerous techniques were utilized to enhance ITCB reliability and noise perfor- 
mance: 


1) Decoupling capacitors for the DSC were placed as close to the 
power pins as possible, and connected directly to the power 
plane. AVCC is decoupled to AVSS, and DVCC to DVSS. All digital 
chips have 0.1 microfarad ceramic decoupling capacitors in close 
proximity. 


2) The DSC crystal and startup capacitors were placed as close to the DSC 
XTAL pins as possible. 


3) The RC network for the DSC MAP was placed as close to the DSC 
CAP1 and CAP2 pins as possible. 


4) Wide traces were used for power supply connections from the 
edge connector. 


5) The DRAM controller and DRAM areas required special attention for 
layout and decoupling. 


@ 
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6) High speed clock traces were kept as short as reasonably 
possible, and were isolated by ground tracks. 


7) The LIU transformers were placed over a ground grid. 


8) ALS logic was used instead of high speed CMOS to reduce 
sharp signal edges which may cause ground bounce. 


9) Audio traces were separated from LIU traces in the analog area. 


10) The RS232 transmitter is powered from +/-5V instead of +/-12V to 
reduce voltage swing and minimize interference. 


3.6.2 Power Supply Layout Considerations 


If the ITCB is held up to a light source, it is possible to view cuts in the Vcc and 
ground planes that divide the board into two unequally sized parts. The larger 
section is designated the digital area, and the smaller section near the telephone 
connectors is designated the analog area. The power plane connections made on the 
digital side are considered digital Vcc and Vss, whereas connections made on the 
other side are considered analog Vcc and Vss. The digital and analog power planes 
join near the PC edge connector. 


This split power plane approach is ideal for optimizing the transmission 
performance of a mixed analog and digital device such as the AM79C30A DSC. 
Separate connections for analog and digital Vcc and Vss are provided on the DSC 
PLCC, but completely separate power supplies cannot be used since the analog and 
digital circuitry share a common substrate. In effect, the power plane cuts provide 
wide traces for the analog and digital supplies, which are joined at the edge 
connector. This greatly reduces the coupling of digital noise into the analog 
circuitry. 


Q 
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4 Software Architecture 


4.1 System Reset 


Upon reset, the 80188 first initializes the upper memory chip select range to 
cover the entire 64K EPROM area, since the 80188 default is not sufficient. Control 
is then transferred to the HW_INIT routine, which initializes the remaining 80188 
registers, sets the stack pointer to $3FFFF, resets the DSC, takes the IDPC out of 
power-down, and prepares the DRAMs for use. (The manufacturers’ datasheet for 
the DRAMs specifies a minimum wait of 100 microseconds after power-up followed 
by any 8 RAS cycles before operation is guaranteed). In addition, the HW_INIT 
routine determines whether the user is requesting the system console to be the 
DB-9 serial port or the PC interface, by sensing the position of switch X29 position 
3. Since switch 3 is connected to the Timer 0 input, HW_INIT can tell if the input is 
"0" or "1" by programming Timer 0 to be internally clocked and externally enabled. 


After completing initialization, control is transferred to the PC interface 
command processor, with no interrupts enabled. 


4.2 PC Interface Command Processor 


4.2.1 Overview 


The PC Command Processor utilizes a simple semaphore scheme in predeter- 
mined locations of the shared memory to accept commands from and return status 
to the PC processor. The Command Processor polls location $80005 for the value 
$FF, which means that the PC has requested service for a command. After 
recognizing the $FF, the Command Processor reads location $80004 to identify the 
type of command requested, and then passes control to an appropriate service 
routine. The command types supported are as follows: 


$00 - READ anIDPC register 

$01 - WRITE an IDPC register 

$02 - READ a DSC register 

$03 - WRITE a DSC register 

$04  - Transfer control to the pROBE monitor 

$06 - Download an Intel MCS-86 Hex file to the ITCB 
$08  - Return software revision code and signature 
$0A  - GOTO user code command 


The format and nature of parameters passed to the service routine varies from 
one routine to the other, and are described individually in the ensuing sections. 


Upon completion of a request, the service routine will write location $80005 


with either a $00 (indicating success) or an error code. The polling loop is then 
repeated, except for cases "04" and "0A" which transfer control to other routines. 
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4.2.2 DSC/AIDPC Register Server 


The format of parameters passed to and from the Register Server is as follows: 


$80004 - READ/WRITE field 
$80005 - ACK field 

$80006 - OFFSET field 

$80007 - REPEAT field 

$80008+ - beginning of DATA field 


Upon entering the Register Server, the first task performed is to check that 
the OFFSET field is between 0 and 63. The offset field. defines the offset of the 
desired register from its base address. If the offset is incorrect, an error code of "01" 
is written to location $80005 and control is returned to the Command Processor. 


If the offset is verified, the next step is to check that the REPEAT field is 
between 1 and 32. Since the DSC and IDPC have FIFOs, the server supports the 
option of reading or writing up to 32 bytes in a single service request. If the offset is 
out of range, an error code of "02" is written to location $80005 and control is 
returned to the Command Processor. 


If the REPEAT field is within range, the register server determines if the 
request is for the DSC or IDPC, and if it is a READ or WRITE request. In any case, 
a loop is initiated which performs the desired data transfer(s) from dualport 
memory beginning at the DATA field to the device, or in the reverse direction. 


After data transfer is complete, a code of "00" is written to LOCATION $80005 
and control is returned to the Command Processor. 
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4.2.3 pROBE Monitor 


The ITCB software release 1.0 includes I/O routines for the pROBE monitor 
available from Software Components, but does not include the pROBE code due 
to licensing restrictions. If the user wishes to use pROBE he must purchase a copy 
from Software Components. Any ITCB users who wish to use pROBE in the ITCB 
environment are encouraged to contact AMD Telecom Systems Engineering for 
assistance. 


This software release 1.0 provides configuration tables and I/O drivers for 
pROBE, with the PC port designated as console. The routines necessary to support 
a pROBE console on the serial port of the IDPC are relatively straightforward, but 
are not available at the time of this initial software release. 


If the command for pROBE exit is detected, the Command Processor writes a 
"00" to location $80005, and then performs a long jump to location $F0040, which is 
the normal entry point for pROBE. At this same time, the software resident on the 
PC side transfers to a routine which services the pROBE console commands. The 
ae four locations of dualport memory are reserved for the pROBE console, as 
ollows: 


$80000 TXDAT - Data from PC to pROBE 
$80001 TXSEM - Semaphore location for TXDAT 
$80002 RXDAT - Data from pROBE to PC 
$80003 RXSEM - Semaphore location for RXDAT 


The semaphore location is written to "00" after data is read by the receiving 
party, and written to "01" by the transmitting party. 


The reader is directed to the manuals for pROBE if more information is 
required. 


4.2.4 Program Loader 


The Downloader is resident in EPROM on the ITCB, and is included so that 
the user can download Intel MCS-86 format Hex files from the PC to the 
ae memory. The format of the parameter field for this program is as 

ollows: 


$80004 - COMMAND field 
$80005 - ACK field 
$80006 - START Is byte 
$80007 - START ms byte 


The START fields provide the offset address in shared RAM of where the 
download records begin, assuming a segment address of $8000. 
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The loader processes the MCS-86 formatted ascii data line-by-line, until either 
an end-of-block character "." or an error is encountered. The end-of-block character 
is inserted automatically by the loader software resident on the PC, and is 
necessary because the dualport memory is only 32K bytes but application programs 
may be much larger. 


The main loader loop begins by checking if the first character of the input line 
is "." or ":", If a period is read, the loader writes "00" to location $80005 and passes 
control back to the Command Processor. If the MCS-86 colon start character is 
read, the task of processing a line is started, else an error code of "03" is written to 


location $80005 and control is returned to the Command Processor. 


When processing a line, the loader first calculates the checksum of the line and 
compares it to the value included at the end of the line. Note that the download file 
is formatted in ASCII, and requires conversion to hex while processing. Ifthe line 
is in error, a code of "04" is written to $80005 and control is returned to the 
Command Processor. If the checksum is verified correctly, the loader then exam- 
ines the rere field of the line to determine if the current line is a type 00, 01, 02, 
or 03 record. 


A type 03 record is a "signon" record, and requires no processing by the loader 
other than to advance the SI pointer to the next line. Similiarly, a type 01 record is | 


an "end-of-file" record and requires no processing since the loader must receive a ". 
to stop. 


A type 02 record is an "extended address record", and changes the segment 
address of the data to be loaded. The loader updates its "current segment’ stored in 
RAM, and advances the SI pointer to the next line. 


A type 00 record is a data record, and includes both an offset address and the 
data to be loaded. The loader adds the offset to the current segment, transfers the 
data, and advances the SI pointer to the next line. 

After processing a line, the main loader loop is repeated until either "." or a 
processing error is encountered. 


4.2.5 Software ID Command 


The purpose of the Software ID command is to provide a basic sanity check of 
the ITCB, and to provide the PC with the EPROM revision number. The format of 
the parameter field is as follows: 


$80004 - COMMAND field 
$80005 - ACK field 
$80006 - SIG field 
$80007 - REV field 


The Software ID routine writes a signature of $2B to the SIG field, a revision 
value of $10 to the REV field, and $00 to the ACK field before returning control the 
the Command Processor. 
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4.2.6 GOTO Command 


The GOTO Command is included so that control may be passed from the 
Command Processor to user software after downloading. The format of the 
parameter field is as follows: 


$80004 
$80005 
$80006 
$80007 
$80008 
$80009 


o 


COMMAND field 
ACK field 


offset ae 
offset ms-byte 
segment saat he 
segment ms-byte 


The GOTO command writes $00 to location $80005, then performs a jump to 
the requested address. 
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Diagram 5: 


Simultaneous RAM Access and Refresh Request 
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Diagram 6: 


RAM Access One Cycle After Refresh 
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Diagram 7: 


RAM Access Two Cycles After Refresh 
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Diagram 8: 


RAM Access Three Cycles After Refresh 
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Diagram 9: 


RAM Access Four Cycles After Refresh 
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Designator 


X14 
X34 


X3 


X5 

X6 

X7 

X9, 10, 17, 33, 
35, 36, 39 

X11, 15, 38 

X12 


X13 


X16 
X18 
X19-22, 25-28 
X23 
*X30 


X31, 32 
X37 


X40 
X41 


5 Appendix A: Parts List 


Part Number & Function 


Saronix NYP-200-20, parallel resonant 20 MHz crystal 
Saronix NYP-122-20, parallel resonant 12.288 MHz 
crystal 


Augat 28-pin wide-DIP socket 
AMD Am27C512-200 EPROM 
LS08 quad AND 

LS14 invertor w. hysteresis 
LS138 decoder 

ALS244 octal buffer 


ALS373 8 trans. latch 

Augat 24-pin slim-DIP socket 

AMD 20RA10 PAL 

Advanced Interconnect CS068-01TG PGA socket 
AMD 80188-10 microprocessor 

ALS374 8 D-latch 

AMD 673102A DRAM controller 

Micron MT1259-12 256K x 1 DIP DRAM 

RCA CDM62256E10 32K x 8 SRAM 

Textool 2-0068-06234-0x0-038-077 PLCC socket 
Am79C401 IDPC 

ALS520 comparator 

Textool 2-0044-06232-0x0-038-077 PLCC socket 
Am79C30A DSC 

1489 RS232 revr 

1488 RS232 txr 
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Resistors, capacitors, diodes 


C8 
C3, C18, all 
CX 


D1 

Z9 

Z10 
Z11 
Z12 
Z13 
Z14 
Z15 
Z16 
Z17 
Z18 


Bourns 4308R101562 5.6K 8-pin bus RSIP 

1K ohm, 1%, 1/4W resistor 

5.6 kohm, 1%, 1/4W resistor 

39 ohm, 1%, 1/4W resistor 

AVX SR211A220KAA 22 pF radial ceramic capacitor 
Sprague 199D106x9010BA1 10 uF radial tantalum 
capacitor 


AVX SR211A222KAA 2.2 nF radial ceramic capacitor 


Corning CAC02-Z5U-104-Z050A 
0.1 uF 50V axial ceramic capacitors 


1N914 diode 

510 ohm resistor 

510 ohm resistor 

100K ohm resistor 

.22 uF radial ceramic capacitor 
.0O1 uF radial ceramic capacitor 
120 ohm resistor 

200 ohm resistor 

22 uF radial electrolytic capacitor 
100 ohm resistor 

100 ohm resistor 


Mechanical, transformers 


PB1 

X24, X29 
J1, J2 
J3 


P2 


TF1 and TF2 


T1-T4 
T5-T7 


Alco TP11CG-RAO pushbutton 

AMP 3-435640-9 8-position rocker DIP switch 

AMP 520249-2 4-pin modular telephone jack 

AMP 520252-4 8-pin modular telephone jack 

AMP 745112-2 9-pin female D-type connector 

’S’ /f transformer BH Electronics (part number TBD) 
breakaway header, 2 rows of 4 posts 

breakaway header, 1 row of 3 posts 
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6 Appendix B: PAL Equations 


TITLE: ISDN Co-processor PAL 
REVISION: 001 
AUTHOR: DG 
COMPANY: Advanced Micro Devices 
CHIP: Controller PAL20RA10 
‘PINS 1 2 3 4 
/PL Al19 /RD CLKOUT 
‘PINS 7 8 9 10 
/BRDRES /DEN /RAM /DPORT 
"PINS 13 14 15 16 
/OE RLTCH /IDDACK Sl 
‘PINS 19 20 21 22 
SRDY DELI DEL2 SO 


STRING STO’ /S2 */S1 */SO’ 
STRING ST1’/S2 */S1 * SO’ 
STRING ST2’/S2* S1 */SO’ 
STRING ST3’/S2* S1 * SO’ 


STRING ST4’ S2 */S1 */SO’ 

STRING ST5’ S2*/S1 * SO’ 

STRING ST6’ S2* SI */SO’ 

STRING ST7’ S2* S1 * SO’ 

EQUATIONS 

/S0:= ST7 * /RAM * RLTCH 

/S1:= ST7 * RAM +/S1 * SO 
/S2:= ST7 * /RAM * RLTCH + ST2 
RLTCH:= GND 

DEL1:= GND 

DEL2:= DEL1 

DEL3:= DEL2 

NMI:= DEL3 

/SRDY:= / S2* RAM + /DPRRDY 


IDDACK:= DPORT * RD * A19 * DEN 
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5 6 
DPRRDY /RFRQ 
11 12 
/SETNMI GND 
17 18 

S52 NMI 
23 24 
DEL3 VCC 


+ ST3 * RAM +ST1+ST5 


+ ST6 + ST2 
+ ST1 + STO 


+ ST6 
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SO0.CLKF= 
S1.CLKF= 
S2.CLKF= 
RLTCH.CLKF= 
NMI.CLKF= 
DELI1.CLKF= 
DEL2.CLKF= 
DEL3.CLKF= 
SRDY.CLKF= 
AIDDACK.CLKF= 


SO.RSTF= 
S1.RSTF= 
S2.RSTF= 
RLTCH.RSTF= 
NMI.RSTF= 
DEL1.RSTF= 
DEL2.RSTF= 
DEL3.RSTF= 
SRDY.RSTF= 
AIDDACK.RSTF= 


SO.SETF= 
S1.SETF= 
$2.SETF= 
RLTCH.SETF= 
NMI.SETF= 
DEL1.SETF= 
DEL2.SETF= 
DEL3.SETF= 
SRDY.SETF= 
/IDDACK.SETF= 


/CLKOUT 
/CLKOUT 
/CLKOUT 
/BRDRES 
CLKOUT 
CLKOUT 
CLKOUT 
CLKOUT 
CLKOUT 
GND 


BRDRES 
BRDRES 
BRDRES 
RFRQ 
SETNMI 
SETNMI 
SETNMI 
SETNMI 
BRDRES 
VCC 
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LOCATION OBJECT CODE LINE 


0000 


0000 


0800 


0000 
0000 
0001 
0002 
0003 


0004 
0005 
0006 
0007 
0008 


0000 


7 Appendix C: 80188 Software Listing 


SOURCE LINE 


1 '80188' 

2 jFO00000000000400080090050008005558459008084050500800050840500008008888 
3 | ISDN Coprocessor PCB Software Release EX B 1.0 + 
4 ; ‘ 
ae # 
6 ;HOCEROOEEE8SS000080008000080500050000800000060000000000088000008800088 
7 

Q ;#O04000008509000060084889080450850885548 5055050888088 0484 04888848888 88 
9; RAM Equates * 
10 ;#906900000620000600845505005640000690009009006000000000040800000008004 
11 DATA 

12 

13 ORG 000100000H 

14 

15 SC_DATA DBS 16 ; System data area for pROBE 

16 

17 ORG 000600000H 

18 

19 PROBE_DAT DBS 2048 ; pROBE data area 
20 
21 LOAD_SEG DBS 2 ; storage of current loader seg 
22 
23 ORG 080000000H 

24 DUALPORT ; Dualport RAM area 

25 TXDAT DBS 1 ; 4 bytes for pROBE 1/0 drivers 
26 TXSEM DBS 1 
27 RXDAT DBS 1 

28 RXSEM OBS i 

29 

30 SCNBAS DBS 1 ; COMMAND read/write area 

31 SCNACK DBS 1 ; COMMAND ACK area 

32 SCNOFF DBS 1 ; COMMAND offset area 

33 SCNSIZ DBS 1 ; COMMAND size area 

34 SCNDAT DBS 1 » COMMAND data area begins 

35 


FG FRREREEEESESESE EEE SEES SEES SEEEESESESEES E558 09084 05080588888 248848 48 


Define label for PROBE + 
38 p PEESEESEES CESSES EEEESES SEES ESESSSEEEEEEESEEEEESESEEEES SEES EES S888 88888 


ORG OF 0000000H 


bier 


39 
40 
41 PROBE 
42 
43 


} equate for PROBE base address 
; PROBE code is inserted when 
; burning EPROM, not now 
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LOCATION OBJECT CODE LINE 


0000 
08Y 
0100 


0200 
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(FFFED 


<FFA2> 
<FFA6> 
<FFAQ> 
<FFA4> 
<FFAB> 


<FF56> 
(FF52> 
<FF50> 
<FF5E> 
<FF5A> 
<FF5@> 


<FF3E> 
<FF3C> 
<FF3A> 
<FF38> 


<FF36> 
<FF34> 
<FF32> 


SOURCE LINE 


Gh jRREEEESSESESESEEEESESESE064 556 005590455008598 45999058 5085040509 900894 


4 ; 


Hardware Equates 


+ 


OO ahaa ach hahaa ached a adidedndadechhdhethciadiladhcdedacitecechdeecadedadadacedaiteced 


48 


GD ;SRCRSEEEESSEESSESSESESEEESES40980080905596888 5548985955 584484 68888888 F 


50 ; 


52 Reloc_Reg 
53 

54 LMCS_Reg 
55 MMCS_Reg 
56 UMCS_ Reg 
57 PACS_Reg 
58 MPCS_Reg 
59 

60 Tim_0_Mode 
61 Tim_0_Max 
62 Tim_0_Val 
63 Tim_l_Mode 
64 Tim_1_Max 
65 Tim_i_Val 
66 

67 Int_3_Ctrl 
68 Int_2 Ctrl 
69 Int_1 Ctrl 
70 Int_0_Ctr} 
71 

72 DMA_i_Int 
73 DMA_O_Int 
7” Timer Int 


17 


Equates for 188 internal peripherals # 
51 jOECESEEEESSSSSEEEEESEO080600060600600053 54688 0060888469900800900904804 


EQU 


EQU 
EQU 
EQU 


EQU. 


EQU 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


EQU 
EQU 
EQU 
EQU 


EQU 
EQU 
EQU 


OFFFEH 


OFFA2H 
OFF AGH 
OFFAOH 
OFFA4H 
OFFASH 


OFF56H 
OFF52H 
OFF50H 
OFFSEH 
OFF5AH 
OFF58H 


OFF3EH 
OFF3CH 
OFF3AH 
OFF38H 


OFF36H 
OFF34H 
OFF32H 


; relocation register location 


lower memory chip select reg 
middle memory chip select reg 
upper memory chip select reg 
peripheral chip select reg 
memory/peripheral CS reg 


we We “we See NOR 


timer 0 mode register 
timer 0 rollover register 
timer 0 current value 
timer 1 mode register 
timer 1 rollover register 
timer 1 current value 


we Soe wwe “ee Nee Ne 


interrupt 3 control reg 
interrupt 2 control reg 
interrupt 1 control reg 
interrupt 0 control reg 


ee we See Nee 


DMA channel 1 interrupt reg 
DMA channe!] 0 interrupt reg 
timer interrupt register 


“se “ee ‘we 


76; RERRRSESE TEESE ESSE ES EEEE TEESE EEE REEEES ESTES 088 64866 0 o04 459044490484 


Equates for microprocessor peripherals % 
TQ jRRCEEEEEEESESSS6E005060640600804694069945680000400004054500040840040484 


7? $ 


79 

80 

81 PCSBAS 
82 

83 En_IDPC 
84 

85 En_Latch 
86 

87 En_DSC 
88 


ORG 


ORG 
DBS 
ORG 
DBS 
ORG 
DBS 


0AN000000H 


0A0000080H 
3FH 
QA0000100H 
01H 
0A0000200H 
08H 


; base address for PCS* lines 


; IDPC base is $A0080 


; Latch address 1s $A0100 
; OSC base is $A0200 
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LOCATION OBJECT CODE LINE 


0162 AC 
0163 2C41 
0165 7002 
0167 2C07 
0169 0411 
016B COC004 
O16E 86E0 
0170 AC 
0171 2041 
0173 7C02 
0175 2C07 
0177 0411 
0179 02C4 
0178 C3 


0170 EBESFF 
017F 8AD8 
0181 E8DEFF 
0184 8AE3 
0186 8B6000 
0189 8EC3 
0188 BB0008 
018E C3 


SOURCE LINE 


pPOOEOEEEEESSEEESESEESEEEEESSEEEESSSOO008990800086900048000000000008864 


SI 15 advanced 2 positions, and 


“—e © mm we 


jp PRRESERES EEE SSEEESEEESOO0 600960564 066060050084 440840980964 04898 4888808 


fetch first string byte 
check if range 1s A-F 
jump if range was 0-9 
otherwise range was A-F 
add correction factor 
multiply by 16 

store in AH 

fetch second string byte 
check if range is A-F 
jump if range was 0-9 
otherwise range was A-? 
add correction factor 
leave result in AL 


SEESEEEEE SEES EES ESSE ESSE SESE SES EEE EEESS SEES e454 5S 4st 48S 84848 so 9898 8 Ot 


Subroutine that forms a 16-bit address from the string pointed 


is incremented by 4, and it is assumed that the direction bit 


et +e he te te me le 


sEESEGESSE SEE EESES ESS E5455 S555 E5455 SSE $s EES EES ESSE SES OSs E8983 4$ 88 Et 


; fetch first byte of address 
» save byte in BL 
; fetch second byte of address 


AX contains new segment 


ES --> RAM work location 


453 

454 ; NEW HEX BYTE subroutine 
455 ; 

456 ; Converts the two ascii bytes at DS:SI into a single hex byte 
457 ; and leaves the result in AL. 

458 ; AH 1s trashed. This routine assumes the direction bit has 
459 ; been set to increment. 

460 

461 NEW HEX BYTE PROC 

462 LODSB ; 

463 SUB AL,#41H ; 

464 JL CORR ; 

465 SUB AL , #07 : 

466 CORR] ADD AL,#11H : 

467 ROL AL,4 ; 

468 XCHE AH, AL ; 

469 LODSB } 

470 SUB AL,#41H : 

471 JL  CORR2 ‘ 

472 SUB AL, #07 : 

473 CORR2 ADD AL,#11H : 

474 ADD AL,AH : 

475 RET 

476 

477 ; 

478 ; FORM_ADDR subroutine 
479 ; 

480 ; 

481 ; to by DS:SI. The address is left in AX, and ES:BX is left 
482 ; pointing to the RAM location LOAD_SEG for convenience. SI 
483 ; 

484 ; has been set to increment. 

485 ; 

486 FORM_ADDR PROC 

487 CALL NEW_HEX BYTE ; 

488 MOV BL,AL ; 

489 CALL NEWHEX BYTE ; 

490 MOV AH,BL : 

491 MOU BX,SEG LOAD_SEG 

492 MOV ES,BX : 

493 MOV BX,OFFSET LOAD_SEG 
494 RET 

495 
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LOCATION OBJECT CODE LINE SOURCE LINE 


148 
149 ;#00OO8S000840000060000000000000000000000000040000000000008000000888084 
150 ; pROBE AND pS0S 1/0 Drivers * 
151 REESE EEEESESE SESE EEE EEEEEEEEEEEESEEESEESSEEESOESEEEEESEOEE488800844084 
152 ORG OF8570000H 
153 
154 [OINIT PROC FAR ; PROBE 1/0 initialization 
0000 CB 155 RET ; return to pROBE 
156 ;#RRROREESEEEO000900000000080000000000008000080000008000000000090008084 
157 ORG OF85B0000H 
158 
159 CONSTS PROC FAR ; pROBE console status routine 
0000 9AIEQ067F8 160 CALL FAR PTR IOMODE ; PC or RS232 console? 
0005 7305 161 JNC CONSTS1 ; 1f carry = 0, UART 1s console 
0007 EAON0067F8 162 JMP FAR PTR HSTSTS ; if carry = 1, PC is console 
163 
000C CB 164 CONSTS1 RET ; return to pROBE 
165 ;8#869908955005084556960690054456645004605054694005008000085495009040884 
166 ORG OF85F0000H 
167 
168 CONIN PROC FAR ; PROBE console input routine 
0000 9AIEN067F8 169 CALL FAR PTR IOMODE ; determine PC or UART console 
0005 7305 170 JNC CONINI ; 1f carry = 0 UART is console 
0007 EA000061F8 171 JMP FAR PTR HSTIN ; if carry = 1 PC is console 
000C CB 172 CONINI RET 
173 ;#OSROH88066050008500000500008000008000080000000000000000800800800488084 
174 ORG 0F8610000H 
175 
176 HSTIN PROC FAR ; pROBE host input routine 
0000 06 177 PUSH ES ; save current ES 
0001 880080 178 MOV AX ,SEG DUALPORT 
0004 BECO 179 MOV ES ,AX ; ES points to dualport 
0006 26A00000 180 MOU AL,ES:TXDAT  ; load input character 
000A 2606060100 181 MOU ES: TXSEM,#00  ; clear semaphore 
0010 07 182 POP €S 
0011 CB 183 RET ; return to pROBE 
104 ;#OOO800059600559069406565095805058856900085405050840540908000854000088 
185 ORG 0F8630000H 
186 
187 CONOUT PROC FAR ; PROBE console output routine 
0000 50 188 PUSH AX 
0001 9AIE0067F8 189 CALL FAR PTR IOMODE ; PC or RS232 console? 
0006 58 190 POP AX 
0007 7305 191 JNC CONOQUTI ; if carry = 0, UART is console 
0009 EAQDO065F8 192 JMP FAR PTR HSTOUT ; if carry = 1, PC is console 
193 
Q00E CB 194 CONOUTI RET 


195 ;RRRESEOEEEEESEREOS EEE EEG SEES 065600058 O88 8EEEE SEES E SESE EE EEEEE SESE 
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LOCATION OBJECT CODE LINE SOURCE LINE 


497 :FOEEESEESEEESEEESSSO508S 9690905655085 5 48059506 5s e484 8000 956506888888 


} 

498 ; SUM_CHECK subroutine ¢ 
499 ; ¢ 
500 ; Subroutine to verify the checksum of the line pointed to by # 
501 ; OS:SI. The carry bit will be returned as "i" if the checksum # 
502 ; at the end of the line matches the calculated sum, otherwise # 
503 ; carry will be returned as "0". The byte count 1s extracted id 
504 ; from the line, and returned in DL. SI is incremented by 2 $ 
505 ; to point to the address field of the current line. DI returns # 
506 ; a pointer to the next line. It 18 assumed that the direction # 
507 ; bit has been set to increment. $ 
SG ; F806S80048406000005048640050055500000050000840000000500005800000080884 
509 SUM_CHECK PROC 

018F 53 510 PUSH Bx 

0190 51 511 PUSH CX 

0191 890400 512 MOU CX, #04H ; there are 4 overhead bytes 
513 

0194 EBCBFF 514 CALL NEW HEX BYTE ; fetch $bytes 

0197 BADC 515 MOV DL,AL ; save $bytes in DL 

0199 8AD8 516 MOU BL,AL ; first part of sum 

0198 02C8 517 ADD CL,AL ; CX now contains # bytes to sum 

0190 56 518 PUSH S] ; save SI 
519 

Q19€ EBCIFF 520 SUM_LP CALL NEW HEX BYTE ; get next byte 

01A1 0208 521 ADD BL,AL ; add to sum 

01A3 E2F9 522 LOOP SUM_LP ; repeat until done 
523 

01A5 F9 524 STC ; carry=1 for 'correct' 

01A6 7401 525 JZ  SUM_DONE ; exit if OK 

Q1AB F5 526 CMC ; otherwise carry=0 for ‘error’ 

Q1A9 SBFE 527 SUM_DONE MOV O1,SI ; save next line pointer 

Q1AB 5E 528 POP SI ; restore SI pointer 

Q1AC 59 529 POP CX 

01AD 58 530 POP 8X 

Q1AE C3 531 RET 
522 
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LOCATION OBJECT CODE LINE SOURCE LINE 


3-240 


0005 FC 


00D6 33C0 
00D8 BB0080 
0008 8EDB 
00ND BEN500 
Q0E0 8804 
Q0E2 BFO800 


QOES 803CFF 
Q0E8 75FB 


QOEA 8A1E0400 
DOEE 81E30E00 
O0F2 46 

QOF3 2EFFA7F800 


OOF8 0601 
OOFA E01 
OOFC 0401 
QOFE AFO1 
0100 1002 
0102 2202 


0104 €606050000 
0109 EA400000F0 


361 

362 ;OOO800000000000000050090005000840800088060900000080000804008 0000088084 
363 ; PC Interface Command Processor # 
364 ; # 
365 ; This routine processes commands received from the PC through # 
366 ; the dualport RAM. Operational details are provided in the + 
367 ; ISDN Terminal Coprocessor Board users’ manual. ¢ 
36Q ;FORRSSERS REESE SSREEESERRER EES SEESEEEESEESEEEEREEEEEEOReESEEEESEREEE 
369 

370 SCANIN CLD ; set direction flag for inc 
371 

372 SCANRP XOR AX ,AX ; clear AX 

373 MOV BX,SEG QOUALPORT 

374 MOV 0S,Bx ; DS points to dualport RAM 
375 MOU SI,OFFSET SCNACK ; SI --> ACK field 

376 MOU [S51] ,AL ; return ‘done’ status 

377 MOU DI,OFFSET SCNDAT ; DI --> DAT field of DPR 

378 

379 SCANLP CMP OS:BYTE PTR (SI), #0FFH 

380 JNE SCANLP 

381 

382 MOV BL,OS:SCNBAS ; load service request byte 

383 AND BX, #00EH ; save only 3 bits 

384 ‘NC SI ; SI --> offset descriptor 

385 JMP CS:WORD PTR JMPTABIBX] ; execute jump 

386 

387 JMPTAB Du «OFFSET REGS = ,_: IDPC/DSC register R/W server 
388 DW OFFSET REGS  ; IDPC/DSC register R/W server 
389 Dw OFFSET PROBEX j; prepare to return to pROBE 

390 DU «OFFSET LOADER ; I-HEX downloader 

391 DW «OFFSET SWID ; Software revision ID 

392 OW OFFSET GOTO ; GOTO command 

393 
TM 
395 ; Routine for returning to pROBE $ 
396 ;OORRRERES SSO GERR SESS EORSSSESEERGESEEOEeEESEEAEEREtEteseeeeeeeeeses eet 
397 PROBEX MOV DS:SCNACK,#00 ; return ‘done’ to PC 

398 JMP FAR PTR PROBE+40H ; return to pROBE 

399 
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Q10E AC 

Q10F ABCO 
O111 753F 
0113 8BD0 


0115 AC 

0116 FEC8 
0118 ABE 
Q11A 753E 
011C FECO 
Q11E 8ACE 


0120 A00400 
0123 BES8000 
0126 ABN2 
W128 7403 
912A BE0002 


0120 O3F2 
012F DOD8 
0131 7210 


0133 8CDB 
0135 8EC3 
0137 BBOAD 
013A 8EDB 


013C 8A04 
Q13E AA 

Q13F E2FB 
0141 EB93 


0143 87F7 
0145 BBOOAD 
0148 8EC3 


014A AC 
0148 268805 
Q14E E2FA 
0150 EB84 


0152 (606050001 
O157-E970FF 


015A C606050002 
Q15F E974FF 


401 


402 ; 


403 
404 
405 
406 
407 
408 
409 
416 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 


SOURCE LINE 


PEERS EEE ES EESEEESEEESE6ESSEFEESEEEEEE HOSE EOESSE4E8 6060800048008 88 08888 


IDPC and DSC Register R/W Server 
FORESEES DERESSRESSESEORSESESSESECESESERSESSEEC EEC ORE SESS ERCEESESOSEES 


) 


REGS 


PNTOK 


READOP 


READLP 


WRI TOP 


WRITLP 


OF FERR 


REPERR 


LODSB 

TEST AL ,#0C0H 
JNZ OFFERR 
MOU DX ,AX 


LODSB 

DEC AL 

TEST AL, #0E0H 
JNZ  REPERR 
INC AL 

MOY CL AL 


MOU AL ,DS: SCNBAS 


MOU ST,OFFSET En_IOPC 


TEST AL, #02H 
JZ PNTOK 


MOY SI,OFFSET €n_DSC 


ADD SI,DX 
RCR AL, OL 
JC wRITOP 


MOU BX,DS 
MOV ES,Bx 
MOV BX,SEG PCSBAS 
MOU DS, Bx 


MOU AL,DS:(S1] 
STOSB 

LOOP READLP 
JMPSCANRP 


XCHG SIDI 
MOV BX,SEG PCSBAS 
MoU ES,BX 


LOOSB 

MOU ES:(DI],AL 
LOOP URITLP 

JMP SCANRP 


MOU DS: SCNACK , #01 
JMP — SCANRP 


MOV DS: SCNACK , $02 
JMP = SCANRP 


load offset descriptor 
0 <= offset := 64 
process offset error 
save offset in DX 


Nee Nee we wee 


load repeat descriptor 

(to simplify range check) 
1 <= repeat <= 32 

repeat 1S max of 32 
correct repeat 

CL contains repeat counter 


er ee ee 


; load service descriptor 
; ST points to DPC 
+ IDPC or OSC request? 

; SI points to IDPC 

; SI points to DSC 


; SI --> device + reg offset 
; check LSB for read or write 


; correct source and dest 


load data from device 
write data to RAM 
repeat until done 
resume scanning 


i 


correct source and dest 


“ee 


ES points to peripherals 


‘ee 


get data from RAM 
; write data to device 
repeat until done 


‘ee 


Nee 


“ee 


resume scanning 


return ‘offset error’ to PC 
resume scanning 


Nee Nee 


; return ‘size error’ 
; resume scanning 
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LOCATION OBJECT CODE LINE SOURCE LINE 


90 
91 PROG 
92 ASSUME CS:PROG,0S:DATA 
>, RRORR ESR ES SESE TEES EE ESSE 58 0049955996055 59455 5954590 88s o4 884599808888 
94 ; Power-on reset vector * 
95 ; SREEEES ESS ES EESHS GEESE ES HE SES 0095588 oS E8055 888 EEE Eo 858884994 F 
6 GLB START 
97 ORG OFFFFOOQOH 
98 

0000 BAAOFF 99 MOU DX ,UMCS_Reg ; point DX to upper CS reg 

0003 B83CF0 100 MOV AX, OFO3CH ; F038 means F0000 base 
101 j O waits, ignore ext ready 

0006 EF 102 OUT = DX,AX ; expand UCS default range 

0007 EA280067F8 103 JMP FAR PTR START 5 Jump to START upon reset 
104 
105 ;#ROG8EO008St000800888 45885488848 08458 8488558848888 8 848888888 E Eee EE Et 
106 ; Define System Tables for pROBE and pS0S $ 
107 ;#00940080900009050008086080000850808058955000055400909000089084088884 
108 ORG OF84E0000H 
109 

0000 00001000 110 SYS_CON_TAB 0D SC_DATA ; system data area 

0004 01000000 111 DD 01H } processor type is 80188 

0008 01000000 112 00 91H ; pROBE starts first 

Q00C 00000000 113 DD 00H ; reserved 

0019 00000000 114 DD Ook ; pRISM not installed 

0014 00000000 115 DD 00H ; PRISM not installed 

0018 000053F8 116 DD SC_PROBE_C ; address of pROBE config table 

Q01C OO0000FN 117 DD PROBE ; address of pROBE code 

0020 00000000 118 00 §=600H ; pS0S not installed 

0024 00000000 119 DD 00H ; pSOS not installed 

0028 00000000 120 DD 00K ; pHILE not installed 

0020 00000000 121 DD 00H ; pHILE not installed 

0030 00000000 122 DD 00H ; reserved 

0034 00000000 123 00 00H ; reserved 

0038 00000000 124 DD 0H ; reserved 

0O3C 00000000 125 DD 00H ; reserved 

0040 O0004EF8 126 SYS_ANCHOR DD  SYS_CON_TAB ; anchor points to sys con table 
12? 
128 ORG 0F8530000H 
129 

0000 O00000F 0 130 SC_PROBE_C DD PROBE ; pROBE code pointer 

0004 00006000 131 DD  PROBE_DAT ; pROBE data area 

0008 000057F8 132 DD = IOINIT ; initialization routine 

000C O0005BF8 133 DD = CONSTS : console status routine 

0010 OO005FF8 134 DD  CONIN ; console input routine 

0014 000063F8 135 DD  CONOUT ; console output routine 

0018 000067F8 136 DD = HSTSTS ; host status routine 

Q01C 000061F8 137 DD = HSTIN ) host input routine 

0020 000065F8 138 OD HSTOUT ; host output routine 

0024 00000000 139 DD 00000000H } no symval routine 

0028 00000000 140 DD = 00000000H ; no valsym routine 

002C 00000000 141 DD 00000000H ; no urcom routine 

0030 0000 142 DW 00000000H ; disable interrupts in pROBE 

0032 0100 143 DW 00000001H ; enable trace refresh 

0034 0000 144 DW §0000000H ; normal pROBE startup 

0036 00000000 145 DD 00000000H ; reserved 

003A 00000000 146 0D 00000000H > reserved 
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293 ; priority = 5 
0069 EF 294 OUT DXx,AX ; load interrupt 1 contro! word 
295 
006A BASBFF 296 MOU OX, Int_0 Ctr! 5; point DX to interrupt 0 reg 
0060 B81C00 297 MOV AX,001CH ; level trigger 
298 } interrupt masked 
299 ; priority = 4 
0070 EF 300 OUT DX ,AX ; load interrupt 0 control word 
301 
0071 BAZ6FF 302 MOV OX,DMA_1_Int 5 point DX to DMA 1 int. reg 
0074 880900 303 MOV AX,0009H ; interrupt masked 
304 ; priority = 1 
0077 EF 305 OUT DX,AX ; load DMA 1 int. reg 
306 
0078 BA34FF 30? MOU DX,DMA_O_Int ; point DX to OMA 0 int. reg 
0078 880800 308 MOU AX,0008H ; interrupt masked 
309 ; priority = 0 
Q07E EF 310 QUT DX,AX ; load OMA 0 int. reg 
311 
Q07F BA32FF 312 MOV DX,Timer_Int ; point DX to timer int. reg 
0082 880800 313 MOV AX ,000BH 3 Interrupt masked 
314 > priority = 3 
0085 EF a1 QUT DX ,AX ; load timer interrupt reg 
316 
0086 BAS6FF 31? MOU DX,Tim_0_Mode j; point DX to timer 0 mode 
0089 B801C0 318 MOU AX,OCOO1H ; timer enabled, internal clock, 
319 ; no int, continuous, 
320 3 external enable 
o08C EF 321 OUT DX,AX ; load timer 0 contro! word 
0080 BASOFF S22 MOV DX,Tim_0_Val  § point to counter value 
0090 ED 323 IN AX,DX ; load timer value 
0091 8BD8 324 MOV BX ,AX ; save timer value 
0093 90 325 NOP ; do nothing, let counter run 
0094 90 326 NOP 
0095 90 327 NOP 
0096 ED 328 IN AX,DX ; load new timer value 
0097 38C3 329 CMP AX ,BX ; has timer been running? 
0099 BASGFF 330 MOU DX,Tim_0_Mode 
009C BB0040 331 MOU AX, 04000H ; prepare to turn off timer 
009F 7403 332 JE INIT) ; console is serial port? 
O0A1 B80240 333 MOV AX,04002H ; otherwise console is PC 
00A4 EF 334 INITL OUT DX,AX ; store result in bit 1 
335 
O0A5 BASAFF 336 MOU DX,Tim_1_Max 3 point to rollover register 
00A8 B82500 337 MOV AX, 0037 ; max count 1s 37 clock cycles 
O0AB EF 338 OUT DX ,AX ; load rollover register 
339 
OOAC BASEFF 340 MOV DX,Tim_1_Mode ; Timer 1 is DRAM refresh timer 
OOAF B801C0 341 MOV AX,OCOO1H ; Timer enabled, internal clock, 
342 ; no int, continuous, 
343 3 external enable 
00B2 EF 344 OUT DX,AX ; load Timer 1 contro! word 
345 
0083 B80GA0 346 MOU AX,SEG PCSBAS 
0086 8EC0 347 MOU £S,AX ; point ES to peripheral block 
00B8 266060001 348 MOV ES:En_Latch,02H ; 30A reset, 401 p. down 
OOBE 26C6060001 349 MOV ES:En_Latch,01H ; 30A not reset, 401 not p. down 
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0028 
0028 BAFEFF 
0028 B8FFON 


Q02E EF 


002F BAA2FF 
0032 B8F83F 


0035 EF 


0036 BAAGFF 
0039 BEFS81 


003C EF 


0030 BARBFF 
0040 B8FD90 


0043 EF 
0044 BAA4FF 
004? B83CAN 
004A EF 
0048 BAZEFF 
Q04E 880030 
0051 BED0 
0053 BSFFFF 
0056 8BE0 


0058 B81F 00 


0058 EF 
005C BASCFF 
QO5F BB1EDN 
0062 EF 


0063 BASAFF 
0066 881000 


SOURCE LINE 


DY Na hada ahha alah Daa hahahahahahaha chal dededlecaiiedadedededaddichiidededededahdedieded 


yay ae 


Hardware Initialization Routine * 


SN adalah hahahaha aad dada dedadededadadededadhhhddeedachdechitedidedednintetedhieindidadadedadaied 


239 
240 START 
241 HW_INIT 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
297 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
a7. 


MOV 
MOV 


OUT 


MOV 
MOU 


OUT 


MOU 
MOV 


OUT 


MOV 


QUT 
MOU 
MoV 
OUT 
MOV 
MOU 


MOU 
MOU 


MOV 


OUT 


MOV 


MOV 


OUT 


MOU 
MOV 


DX ,Reloc_Reg 
AX, OOFFH 


DX, AX 


DX,LMCS_Reg 
AX, 3FFBH 


DX ,AX 


OX ,MMCS_Reg 
AX ,81F8H 


DX, AX 


DX, MPCS_Reg 
AX, 90FDH 


DX ,AX 


DX ,PACS_Reg 
AX, OAO3CH 


DX ,AX 


OX, Int_3_Ctrl 


AX, #3000H 
SS AK 
AX, $0FFFFH 
SP AX 


AX ,0O1FH 


DX , AX 


OX, Int_2 Ctrl 


AX, OOLEH 


OX, AX 


DX, Int_1 Ctrl 


AX, 001DH 


Nem Ne Nee ee Nee We wee Nee ee ee 


ee ee wee we Nee Noe 


a ee? ee 


“we wwe Ne Ne woe Nw e Wwe tee Noe 


~es 


point DX to relocation reg 
no ESC trap 

non-IRMX interrupt mode 
register block in 1/0 
register block at $FFO0 
load relocation register 


point DX to lower CS reg 
3FF8 means 256K range 

0 waits, use ext ready 
load lower CS reg 


point DX to middle CS reg 
S1F8 means 80000 base 

Q waits, use ext ready 
load middle CS reg 


point DX to mem/periph CS reg 
32K select size for MCSO:3 

7 PCS# lines 

peripherals in mem space 

1 wait state for PCS4:6 

no external ready for PCS4:6 
load mem/periph CS register 


point DX to peripheral CS reg 
peripheral base is $A0000 

no wait states for PCS0:3 

no external ready for PCS0:3 
load peripheral CS register 


point OX to interrupt 3 reg 


set stack pointer 


level trigger 

interrupt masked 

priority = 7 

load interrupt 3 control word 


point DX to interrupt 2 req 
level trigger 
interrupt masked 
priority = 6 
load interrupt 2 control word 


\ 
\ 


point DX to interrupt 1 reg 
level trigger 
interrupt maked 
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0210 Coded700i0 
0215 C606060028 


021A (606050000 
O21F EIB4FE 


0222 C606050000 
0227 FF2C 


Errors= 


0 


FBR ;FeOeeeeeeeseseeeeeseeeeeeseseseeseseseseeeoceseeeeeesesceeeseeeseeeeee 


589 ; Software Revision ID Routine * 
59) ;Peeeeseeeeeeceecoeceeeesecceecescecceseoeesesseesesecesesssesessosesee 


591 


592 SWID MOV ODS:SCNSIZ,#10H ; software revision 1.0 

593 MOV DS:SCNOFF ,#2BH ; signature 

594 MOV OS:SCNACK,#00 ; 'done' code 

595 JMP = SCANRP ; resume scanning 

596 

597 ;eeeeceeeeeeseceseseccceseceseceseceesensccceaesscceseeseceeesseseseses 
598 ; GOTO Routine + 
599 :Seeneeecesececcessaceseeccececsaccoceeseesoeccecesecseccessesecesesses 
600 GOTO MOV OS:SCNACK , $00 ; ‘done' code 

601 JMP OS:DWORD PTR (SI) ; close eyes and jump 

602 

603 END 
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LOCATION OBJECT CODE LINE SOURCE LINE 


350 
00C4 B9E803 351 MOU CX, $1000 ; DRAMs need delay after powerup 
Q0C7 E2FE 352 DRAMWT LOOP DRAMWT ; do nothing for a while 
00C9 8ED9 353 MOV 05,CX } point to DRAM 
00CB 8BF1 354 MOY SI,CX } point to DRAM 
00CD 890800 355 MOV CX, #08 
00D0 F3AC 356 REP LODSB ; ensure 8 RAS cycles for DRAM 
357 } aS per manufact. datasheet 
0002 £90000 358 JMP = SCANIN } go to command server 
359 
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Q1AF 8834 
0181 AC 

01B2 3C2E 
0184 7452 
0186 303A 
01B8 753E 


01BA E8D2FF 


01BD 7341 


O1BF 8A4405 


01C2 2030 
01C4 7419 
0106 FEC8 
01C8 7404 
01CA FEC8 
01CC 7404 


Q1CE 8BF7 
01D0 EBDF 


0102 830606 
0105 E8A4FF 
01D8 268907 


0108 8BF7 
0100 EBD2 


010F 57 


Q1E0 E899FF 
Q1E3 268BiF 


016 8EC3 
01E8 8BF8 


O1ER 830602 


01ED 8ACA 


Q1EF E870FF 


01F2 AA 
01F3 E2FA 
O1F5 5E 
01F6 EBB9 


O1F8 C606050003 
O1FD EID6FE 


0200 C606050004 
0205 EXCEFE 


0208 €606050000 
0200 EXCOFE 


SOURCE LINE 


534 jOOOSSSEESESRSEESSSSSESOS OSS ESEREEEESES SESS SESS ESOS EeSER TEES EEE EEEEEeEs 


535 ; 


Intel Hex Downloader Routine 


+ 


LN dh dada dada alta edad dadhada dated dada tnhdadadadadadadadaecaced 


537 LOADER 
538 LOADRP 
539 
540 
541 
942 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 


555 REC1OR3 


556 

557 

558 REC2 
559 

560 

561 

562 

563 

564 RECO 
565 

566 

567 

568 

569 

570 

571 

572 XFERLP 
573 

574 

575 

576 

57? 

578 COLERR 
579 

580 

581 SUMERR 
582 

583 

584 LOADDN 
585 

586 


MOU SI,(SI) ; SI ---> start of data area 
LODSB ; load first byte of next line 
CMP AL,#2EH ; check for end character "." 
JE  LOADDN ; exit if load done 

CMP AL, #3AH ; first character should be ":" 
JNE COLERR } gO process error 


CALL SUM_CHECK ; process checksum of line 
JNC SUMERR } process checksum error 


MOV AL,OS:BYTE PTR O5{SI] ; load record type 
SUB AL, #30H 3 ASCII correction 


JE RECO } process record type 00 
DEC AL 

JE  REC1OR3 ) process record type 01 
DEC AL 

JE  REC2 } process record type 02 
MOU SI,DI > point to next line 

JMP LOADRP j} process next line 

ADD SI ,#06 ; point SI to data area 


CALL FORM_ADDR 


MOV SI,DI 
JMP  LOADRP 


; point to next line 
} process next line 


PUSH DI save next line address 
CALL FORM_ADDR ; form offset address 
MOU BX,ES:WORD PTR BX) ; fetch load seg 


ee 


) 

} form load segment address 
MOU ES: [BX] ,AX ; store load segment in RAM 

] 

? 


MOV £S,BX ; current loader segment 
MOU DI, AX : ES:DI points to load dest. 
ADD SI ,#02 ; point SI to data area 
MOV CL,OL ; CX contains byte xfer count 


CALL NEW HEX BYTE form a data byte 


, 
STOSB ; load to RAM 
LOOP XFERLP ; repeat until done 
POP SI ; restore next line pointe 
JMP LOADRP ; process next line 


MOV OS:SCNACK,#03 ; return ‘colon error’ 
JMP = SCANRP ; Tesume scanning 


MOV DS:SCNACK,#04 ; return ‘checksum error’ 
JMP = SCANRP ; fesume scanning 


MOV OS:SCNACK,#00 5 return ‘done’ 
JMP  SCANRP ; resume scanning 
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LOCATION OBJECT CODE LINE SOURCE LINE 


197 ORG OF8650000H 
198 
199 HSTOUT PROC FAR } PROBE host output routine 
0000 06 200 PUSH ES 
0001 50 201 PUSH AX ; save char to be output 
0002 880080 202 MOV AX,SEG DUALPORT 
0005 8€C0 203 MOV ES,AX ; ES points to dualport RAM 
0007 26F6060300 204 WAIT2 TEST ES:RXSEM,#01H 5 test output semaphore 
0000 75F8 205 JNZ WAIT2 ; wait if previous char not read 
QO0F 58 206 POP AX } restore char to be output 
0010 26020200 207 MOV ES:RXDAT,AL  ; write output character 
0014 26C6060300 208 MOV ES:RXSEM,$01 5 set output semaphore 
O01A 07 209 POP ES 
0018 CB 210 RET 
Ql] ;FOeeeeeeeeeeeeecenceaneseaeeeeeeeuecconeseeseaeeeeseeescesesoeeeeeeess 
212 ORG 0F8670000H 
213 
214 HSTSTS PROC FAR ; pROBE host status routine 
0000 06 215 PUSH ES 
0001 680080 216 MOU AX,SEG DUALPORT 
0004 BECO 217 MOU ES,AX ; point ES to dualport RAM 
0006 33C0 218 XOR AX ,AX } indicate "no char" 
0008 26F6060100 219 TEST ES: TXSEM,#01H ; check semaphore value 
O0OE 740C 220 JZ  QUER ; exit if no character present 
0010 FECO 221 INC AL ; indicate “character present" 
0012 2680360000 222 CMP ES:TXDAT,025 ; check if data is CTRL_Y 
0018 7502 223 JNE OVER ; exit if not CTRL_Y 
001A FECO 224 INC AL j exit with AL=2 if CTRL_Y 
Q01C 07 225 OVER POP €S 
0010 CB 226 RET 
WHA 
228 IOMODE PROC FAR ; subroutine to determine 
OO1E 52 229 PUSH DX ; if console is PC or RS232 
QO1F BASSFF 230 MOV OX,Tim_0_Mode j; point DX to timer 0 mode reg 
0022 ED 231 IN AX,DX ; load mode word 
0023 C00802 232 RCR AL,2 ; rotate ALT bit into carry 
0026 5A 233 POP DX 
0027 CB 234 RET ; console flag is the CARRY bit 
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Mg Distinctive Characteristics 


The following list summarizes the main features of the 
Am79C30A DSC LLD. The DSC LLD has been implemented using ’C’ to 
maximize portability and readability with a minimum effect upon 
performance. The DSC LLD provides support for all major DSC 


functions. 


These include the Line Interface Unit (LIU) and Data 


Link Controller (DLC) which are required to support AmLink LAPD. 
Other functions included support the Multiplexer (MUX) and the 
Main Audio Processor (MAP). 


0000 


Table 1 - Summary of DSC LLD Features 


Written primarily in ANSI Compatible ’C’. 

Less than 5% written in Microsoft Assembler. 
Minimum operating system and processor dependencies. 
Supports all DSC major components: 


fe) Line Interface Unit (LIU). 

O Data Link Controller (DLC). 
‘e) B-Channel Multiplexor (MUX). 
fe) Main Audio Processor (MAP). 


Mailbox interface to/from layer 2 (L2) and management 
entity (ME) routines. 

Queues up to 10 events to L2 and 10 events for ME. 
Compatible w/ AmLink (LAPD) layer 2 software. 


For additional related information, the user may refer to any 
of the following documents: 


Am79C30A Digital Subscriber Controller (DSC) Preliminary Data 
Sheet, PID # 09893, Rev. A, 10/87, Advanced Micro Devices. 


ISDN AmLink Interface Preliminary Reference Guide, PID # 
09529A, 6/87, Advanced Micro Devices. 
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General Description 


This document describes the Low-Level Device Driver (LLD) for 


the Am79C30A Digital Subscriber Controller. The document includes 
a description of the programming interface to the DSC LLD services 
and a description of the implementation architecture. 
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2.1. Purpose 


The DSC LLD is intended to be used as a general purpose 
example of DSC access procedures. The DSC LLD source code 
contains examples which illustrate how to use and access the 
many features of the Am79C30A DSC hardware. 


The DSC LLD is intended for use with AmLink, AMDs LAPD 
implementation. The DSC LLD is used to support LAPD for the 
D-channel. The Am79C401 Integrated Data Protocol Controller 
(IDPC) LLD provides the same services for the B-channel. 

The interface provided by the IDPC and DSC LLDs use the same 
primitives so that both B-channel and D-channel can use the 
same layer 2 software. The IDPC and DSC LLDs provide a 
hardware independent interface to upper layer protocols such 
as LAPD. 


2.2. System Requirements 


The DSC LLD places relatively few requirements on the 
target system. The DSC LLD requires that the OS provide a 
method for requesting and returning memory buffers. No other 
OS services are required. The system requirements are 
summarized below: 


O 16 KBytes of RAM/ROM for object code. 

fe) 64 bytes of shared RAM for the configuration table. 

oO 256 bytes of shared RAM for mailboxes & initialization 
parameter blocks. 

Oo Two or more shared memory buffers of MAXPACKSZ for data 
transfers. 

fe) 512 bytes of RAM for the DSC LLD private use. 

fe) Memory allocation service from the OS. 

fe) Event handler routines. 


2.3. Architecture 


Communications with the DSC LLD by Layer 2 (L2) or 
Management Entity (ME) routines are performed via mailboxes. 
As shown in Figure 1, the DSC LLD uses four mailboxes. A 
pair of mailboxes is required for the L2 interface and a 
second pair for the ME interface. Each interface pair 
includes a command and an event mailbox. The mailbox 
structure is described in a later section. 


Am79C30A LLD Reference Guide 


Am79C30A DSC LOW-LEVEL DRIVER REFERENCE GUIDE 


The DSC performs the physical layer and part of the link 
layer protocols internally. The DSC LLD provides a well- 
defined software access to the DSC’s services. The DSC LLD 
provides layer 2- services. The DSC LLD is designed to 
easily interface to any layer 2+ and management entity. The 
DSC LLD can be combined with the AmLink layer 2+ software to 
provide a complete Q.921 LAPD system. 


The ME is a set of routines which are provided by the 
user to perform connection and inter-layer management 
functions. The ME functions and services are defined in 
the CCITT Q.940 recommendations. The ME routines are 
generally system dependent functions that are used to tie the 
various D-channel and B-channel protocols layers together in 
the user’s system drivers. ISDN end-products are 
differentiated by their management entity implementations. 


Command mailboxes are used to allow commands to be sent 
from the L2 or ME routines to the DSC LLD. Commands are 
loaded into the mailbox by the calling routine then control 
is passed to the routines in the DSC LLD that processes 
commands. The DSC LLD acknowledges the receipt of the 
command through the same mailbox. 


Event mailboxes are used to send status information from 
the DSC LLD to the L2 or ME routines. Events are 
asynchronous messages passed to either the L2 or ME. Events 
are generated as the result of a DSC hardware interrupt. 
Events are placed on a queue prior to reporting. Separate 
queues exist for the ME and L2. 


Event reporting may be enabled and disabled by issuing 
an EVENT ENABLE primitive which provides a method for 
enabling or disabling events to the queues. If a particular 
event occurs but is disabled, the event is not placed on the 
queue. 


The user may issue an L2_ EVENT CTS or ME EVENT CTS 
primitive with a DISABLE parameter to prevent queued events 
from being reported. This allows new events to be queued; 
however, it delays the reporting of events until the L2 EVENT 
CTS or ME EVENT CTS are issued with an ENABLE parameter. 


When enabled, the DSC LLD loads the event information 
into the proper mailbox then generates a signal which alerts 
the L2 or ME layer that an event has occurred and is 
available. The receiving routine, L2 or ME, acknowledges the 
event in the same mailbox. 


The L2-LLD interface (mailbox pair) is used primarily 
for data transfer primitives. Most DSC LLD primitives are 
accessed via the ME-LLD interface. The ME-LLD interface is 
used to pass control and status information. 
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2.4. Target Environment 


The DSC LLD can be used in either a single processor 
environment or a multi-processor system. In the single 
processor system, inter-layer communications are signalled 
using software interrupts. In a multi-processing system, 
hardware interrupts are used. In either case, the operation 
of the DSC LLD is the same. The interrupt handler used to 
process the mailbox message (command or event) is the same 
for both software and hardware based systems. 


The DSC DLL has initially been implemented on an 
80188/86 processor. The DSC LLD is implemented primarily in 
'C’ so that porting it to other types of processors is as 
easy as possible. The two primary processor dependencies 
are: 


fe) Word (16-bits) and long word (32-bits) byte order 


fe) Address segmentation 


2.5. Development Environment 


The DSC LLD is implemented using Microsoft ’C’ Compiler 
Version 4.0 and the Microsoft Macro Assembler Version 4.0. 
Note that the byte order for all addresses specified in this 
document are in Microsoft ’C "FAR" format: 


Lowest Address Byte: Low-Order Byte OFFSET 
‘ High-Order Byte OFFSET 
‘ Low-Order Byte SEGMENT 
Highest Address Byte: High-Order Byte SEGMENT 
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FIGURE 1 
INTER-LAYER MAILBOX INTERFACE 
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3% Functional Description 


This section describes the DSC LLD interfaces and services 
which are accessible to the user. In general, this chapter 
describes how to use the DSC LLD. Refer to the chapter "Detailed 
Functional Description" for information regarding the actual 
implementation of the DSC LLD. 


This chapter begins by describing the DSC LLD configuration 
block and related data structures used during initialization and 
operation. The remaining sections describe the command and event 
mailbox sequences used to access the DSC LLD services. 


3.1. POR Configuration and Initialization 


Prior to using the DSC LLD, the user is required to 
perform several initialization tasks. These are generally 
executed during the system Power-On Reset (POR) 
initialization sequence. In order to perform these tasks, 
the user must know the following information about the DSC 
LLD: 

Address of DSC LLD code 

Offset of POR initialization routine 

Offset of DSC HW interrupt handler 

Offset of Layer 2 command input handler 

Offset of Management Entity command input handler 
Structure of RAM Interface Block (RIB) 


000000 


The DSC LLD code base address depends upon the user’s 
system design. It may be located in firmware or in RAM. 
The DSC LLD is position independent. 


In order to simplify the access of the DSC LLD hardware 
interrupt service routine and command input handlers, a set 
of entry points are provided. The location of this table 
will depend upon the order in which the DSC LLD has been 
linked. The table is located at the beginning of the isr.obj 
object code module. The table has the following structure: 


Offset Description 


L2 Command Handler Subroutine 

ME Command Handler Subroutine 

L2 Command Handler Interrupt Service Routine 
ME Command Handler Interrupt Service Routine 
DSC Hardware Interrupt Service Routine 

DSC Power-On Reset Initialization Subroutine 


bh 
oO fk AP WO 
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The DSC hardware interrupt handler routine address must 
be installed in the processor vector table prior to calling 
the DSC POR initialization routine. 


Access to the Command handlers may be made using either 
a subroutine call or by issuing a software interrupt 
instruction. If a software interrupt is used, a vector to 
the command handler ISR must be installed for that software 
interrupt prior to issuing any DSC LLD commands. 


The RAM Interface Block (RIB) is the structure through 
which the DSC LLD is accessed by either Layer 2 or the 
Management Entity. The DSC POR initialization routine 
installs default values into the RIB when it is called. 


Using the above information, the user must perform or 
provide the following functions: 


Install the interrupt vectors for the DSC LLD. 
Provide routines to service L2 & ME events. 

Build or provide the DSC LLD configuration table. 
Execute the dsc_init() routine. 


0000 


The user must install interrupt vectors for the DSC 
hardware interrupt handler. The user may also be required to 
install vectors to the the LLD command input handlers. This 
is required only if interrupts are to be used to pass control 
to the LLD command handlers. 


L2/ME event input processes reside in the L2 (AmLink or 
other user-written layer 2) code and the user-written ME 
code. The user is required to provide routines which will be 
called by the LLD to service L2 or ME events. The user- 
provided event handler is to be a subroutine whose function 
is to pass the event message to the appropriate destination, 
the L2 or ME event input process. Additional processing may 
be performed in the user-supplied event handler prior to 
passing the event message to the L2 or ME. 


The user is also required to service requests for memory 
allocation by the DSC LLD. The DSC LLD requests two buffers 
of MAXPACKSZ to support data reception. When a packet is 
received without an error, the DSC LLD returns the buffer to 
the L2 routine and requests a new buffer. The L2 or higher 
layers are responsible for the eventual deallocation of the 
buffer. If an error occurs, the DSC LLD re-uses the buffer. 


The DSC LLD accesses the configuration table (see Table 
2) via an internal pointer. In other words, the DSC LLD 
expects to find the pointer to the configuration table ata 
known address. The configuration table itself can be 
located in RAM or in firmware. 
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The dsc_init() routine uses information from the 64 byte 
user-supplied configuration table (see Table 2) to initialize 
the DSC hardware, install default values into the 
initialization parameter blocks, and initialize the DSC LLD 
Private RAM area. 


After the dsc_init() routine is executed, the DSC LLD is 
in an idle state. Before using any of the DSC LLD services, 
the user must perform any remaining initialization via ME 
command and event primitives. This might include enabling 
the LIU receiver, requesting line activation, enabling the B- 
channel MUX, and starting MAP tones. This additional 
initialization is performed by using the DSC LLD primitives. 


Table 2 - DSC LLD Configuration Table Format 
Offset Description Size (bytes) 
00 Addr of DSC LLD Private RAM. 4 
04 Addr of LLD RAM Interface Block. 4 
08 Addr of L2 Event Handler. 4 
oc Addr of ME Event Handler. 4 
10 Addr of DSC Hardware. 4 
14 Reserved 44 


ADDRESS OF THE DSC LLD PRIVATE DATA RAM 


This field contains the base address of the DSC LLD 
Private RAM area. This RAM is 512 bytes in length. This 
area is not required to reside in shared memory. 


ADDRESS OF DSC LLD RAM INTERFACE BLOCK 


This field contains the address of the shared RAM where 
the mailboxes and initialization parameter blocks are 
located. This area must be at least 256 bytes in length. 
The structure of the RAM Interface Block (RIB) is described 
in Table 3. 


ADDRESS OF THE LAYER 2 EVENT HANDLER ROUTINE 
This field contains a pointer to a user-supplied routine 
which is called by the DSC LLD to service an L2 event. No 


parameters are passed; and, the routine should return via a 
return from subroutine instruction. 
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ADDRESS OF THE MANAGEMENT ENTITY EVENT HANDLER ROUTINE 


This field contains a pointer to a user-supplied routine 
which is called by the DSC LLD to service an ME event. No 
parameters are passed; and, the routine should return via a 
return from subroutine instruction. 


ADDRESS OF DSC DEVICE HARDWARE 


This field contains the base address of the Am79C30A DSC 
hardware (registers). The DSC LLD uses this pointer to 
access the Am79C30A device. Note that in I/O mapped systems, 
only the least significant 16-bits are used. 


Table 3 - RAM Interface Block Structure 
Offset Description Size (Bytes) 
00 L2-LLD Command Mailbox 18 
12 LLD-L2 Event Mailbox 18 
24 ME-LLD Command Mailbox 18 
36 LLD-ME Event Mailbox 18 
48 DSC Initialization Parameter Block 8 
50 DLC Initialization Parameter Block 32 
70 MAP Initialization Parameter Block 64 
BO Reserved 80 


LAYER 2 TO LLD COMMAND MAILBOX 


This block of RAM is used as the L2-LLD mailbox which is 
used to pass commands from the Layer 2 protocol to the DSC 
LLD. The structure of this mailbox is described in Table 6. 
This mailbox is primarily used for D-channel data 
transmissions. The DSC LLD L2 command input handler services 
the commands passed in this mailbox. 


LLD TO LAYER 2 EVENT MAILBOX 

This block of RAM is used as the LLD_L2 event mailbox 
which is used to pass event information from the DSC LLD 
to Layer 2. Mailbox structures are described in Table 6. 
This mailbox is used primarily for receiving D-channel data. 
MANAGEMENT ENTITY TO LLD COMMAND MAILBOX 

This block of RAM is used as the ME-LLD mailbox which is 


used to pass commands from the Management Entity to the DSC 
LLD. Mailbox structures are described in Table 6. This 
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mailbox is used to pass commands for DSC LLD setup and 
initialization. The DSC LLD ME command input handler 
services the commands passed in this mailbox. 


LLD TO MANAGEMENT ENTITY EVENT MATLBOX 


This block of RAM is used as the LLD-ME mailbox which is 
used to pass event information from the DSC LLD to the 
management entity. Mailbox structures are described in Table 
6. This mailbox is used primarily to pass DSC LLD status 
information back to the management routines. 


DSC INITIALIZATION PARAMETER BLOCK 


This field is not used. 


DLC INITIALIZATION PARAMETER BLOCK 


The data in this block (see Table 4) provides control 
information for the DSC DLC module. Default values are 
loaded and installed by the dsc_init() routine. The user may 
modify the values in the IPB; however, these are not 
installed until the user also calls the dlc _init() routine. 
The data in this block is generally not changed after the POR 
initialization sequence. 


Table 4 - DLC Initialization Parameter Block Structure 
Offset Description Size (Bytes) 
00 Maximum Packet Size 2 
02 L2 Address Length 1 
03 L2 Address Select 1 
04 CRC Check Enable 1 
05 CRC Pass-Through Enable 1 
06 CRC Generator Enable 1 
07 Mark or Flag Idle Select 1 
08 C/R Address Bit Ignore Enable 1 
09 B-channel Select 1 
OA Invert Enable 1 
OB Minimum Packet Size 1 
oc Transmit FIFO Threshold 1 
OD Receive FIFO Threshold 1 
OE Auto-Receive Buffer Request 1 
OF Reserved 17 
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The DLC IPB contains fields that are not used by the 


Am79C30A DSC. The unused fields are used with the DLC on the 
Am79C401 IDPC, Am79C31A DEC, and/or Am79C313 M/S DEC. The 
default values for the fields which are used are: 


0oO00000000 


Max Packet Size (Default = 266) 

L2 Addr Length (Default = 2) 

L2 Addr Select (Default = 2nd) 
Receive FIFO Threshold (Default = 1) 
Transmit FIFO Threshold (Default = 8) 

CRC Pass-Through Enable (Default = Disable) 
Mark or Idle Fill (Default = Mark) 
C/R Bit Ignore Enable (Default = Disable) 
Auto-Buffer Request (Default = Enable) 


MAXIMUM PACKET SIZE 


This field indicates the larget packet size which can be 
received. If a packet is received larger than this 
size, the packet will be aborted and an overflow error 
reported via an ERR STAT event. 


L2 ADDRESS LENGTH 


This field indicates that address recognition, if 
enabled, will recognise one or two byte addresses. If 
the contents are ‘1’ then single byte address 
recognition is enabled; other wise, two byte address 
recognition is enabled. 


L2 ADDRESS SELECT 


This field is used to define which of byte is to be 
tested during single byte address recognition. If the 
contents are ’1’ then the first byte is used; otherwise, 
the second byte is used. This field is not used if two 
byte address recognition is enabled. 


RECEIVE FIFO THRESHOLD 


The contents of this field defines the DLC receive FIFO 
interrupt threshold. Valid values are 1, 2, 4, and 8. 
Any other value causes the threshold to be programmed to 
the default value of ’1’. A value of ’1’ provides the 
largest possible receiver interrupt latency. 
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TRANSMIT FIFO THRESHOLD 


The contents of this field defines the DLC transmitter 
FIFO interrupt threshold. Valid values are 1, 2, 4, and 
8. Any other value causes the threshold to be 
programmed to the default value of ’8’. A value of ’8’ 
provides the largest possible transmitter interrupt 
latency. 


CRC PASS-THROUGH ENABLE 


This field defines whether or not the FCS bytes are 
passed to the receive buffer. A value of ’1’ enables 
the pass-through; all other values disable pass- 
through. 


MARK OR FLAG IDLE 


This field defines whether MARK or FLAG idle is to be 
used for interframe fill. If this field is non-zero, 
MARK idle is used; otherwise, FLAG idle is used. 


C/R BIT ENABLE 


This field defines whether or not the C/R bit is to be 
used in address recognition. If the field is non-zero, 
the C/R bit is used in address recognition. 


AUTO-RECEIVE BUFFER REQUEST ENABLE 


This field defines whether the DSC LLD will request new 
receive buffers as needed. A value of ‘1’ causes the 
DSC LLD to make requests for receive buffer space as 
needed using the BUFFSERV primitive. Any other value 
requires that buffers be manually posted by issung a 
READ REQ primitive. 


MAP INITIALIZATION PARAMETER BLOCK 


This area is used to store the DSC MAP filter 
coefficients. The dsc_init() routine loads default values 
into this area. The MAP X and R filter coefficient are 
initially loaded with a set of coefficients which have been 
found to be useful for most handsets. Other default values 
provide OdB gain on all filters and -18dB on Sidetone Gain. 
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Table 5 - MAP Initialization Parameter Block 
Offset Description Size (Bytes) 
00 X Filter Coefficients 16 
10 R Filter Coefficients 16 
20 GX Filter Coefficients 2 
22 GER Filter Coefficients 2 
24 Sidetone Gain Coefficients 2 
25 Reserved 26 


3.2. Mailbox Interfaces 


As described earlier, the primary interface to the 
DSC LLD services is implemented using mailboxes. This 
section describes the procedure for using the mailboxes. 
Mailboxes consist of an 18 byte structure which contains the 
format shown in Table 6. 


A mailbox is used to transfer commands and event 
information between the DSC LLD and either the L2 protocols 
or the ME routines. These routines may be in separate tasks 
or processes when using a multi-tasking operating system. 
This means that the mailboxes must be accessible to both the 
DSC LLD and L2/ME. Ina single processor implementation, 
this is generally no problem; however, in a multi-processing 
system or a system with memory-management, the mailboxes must 
be placed in shared-memory. 


Table 6 - Mailbox Structure 
Offset Component Size (Bytes) 
0 Command/Event Code 1 
1 Receipt Code 1 
2 Parameters 16 


Command/Event Code 


The first byte in a mailbox is the Command/Event Code. 
This byte determines what command is to be performed or what 
event has occurred. Each DSC LLD primitive is assigned a 
unique Command/Event Code. Table 8 lists a summary of the 
DSC LLD command codes; and, Table 9 provides a summary of the 
DSC LLD event codes. 
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Receipt Code 


The second byte in a mailbox is the receipt code. This 
byte is used to indicate to the routine issuing the command 
that command has been received and validated. 


Upon issuing a command/event, the issuing routine places 
the value OxFF into the Receipt Code. The issuing routine 
then monitors the Receipt Code to determine if the 
command/event has been received. A value of ’00’ indicates 
that the command/event has been received or, for some 
commands, executed. Any other value indicates an error 
condition. 


Table 7 - Valid Mailbox Receipt Codes 

Code Description 

00 Command/event received or complete. 
01 Illegal command/event. 

02 Illegal parameter(s). 

03 Transmitter is busy. 

04 Transmitter is inactive. 

05-10 Reserved. 

11 Buffer request cannot be serviced. 
12 Event overrun has occurred. 

13-FE Reserved. 

FF Command/event not received or complete. 

Parameters 


The last 16 bytes of a mailbox are reserved for 
parameters. The contents of these bytes are dependent upon 
the actual command or event issued. 


3.3. Command Sequences 


Commands are passed from either the Management Entity 
(ME) or the Layer 2 (L2) protocol to the DSC LLD. Figure 2 
shows a typical command sequence. Note that the Receipt Code 
returned by the DSC LLD may indicate that the command has 
simply been received or that execution is complete. This 
depends upon the particular command issued. 


Table 8 lists the valid command codes to which the DSC 


LLD will respond. Each command is described in detail ina 
later section. 
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Figure 2 - Typical Command Sequence 


L2 or ME 


Write an OxFF to the Receipt 
Code in the command mailbox. 


Write the Command Code to the 
command mailbox. 


Write any command parameters to 
the command mailbox. 


Generate a command interrupt 
to the DSC LLD. 


----- > INTERRUPT ----- 
(or function call) 


When the Receipt Code in 
the command mailbox is not 
OxFF, the sequence is complete. 


LLD 


Read the Command Code from 
the command mailbox. 


Process the command using 
the Parameters from the 
command mailbox. 


Write the appropriate 
Receipt Code to the 
command mailbox. 


Execute a return from 
interrupt (or return from 
subroutine) instruction. 
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Table 8 - DSC LLD Command Codes Summary 
Code (Hex) Description MB I/F Module 
00 Transmit a Buffer L2 DLC 
01 Initialize the DLC ME DLC 
03 Update Addr Recognition ME DLC 
04 Abort the Current Transmit ME DLC 
05 Load a New Event Enables ME All 
06 Begin Remote Loopback ME DLC 
07 End Remote Loopback ME DLC 
08 Begin Local Loopback ME DLC 
09 End Local Loopback ME DLC 
OA Get a Random Number ME DLC 
OB Enable D-Channel Backoff ME DLC 
oc Post a Read Request L2 DLC 
80 Initialize the LIU ME LIU 
81 Get Current LIU Status ME LIU 
82 Get Hookswitch Status ME LIU 
83 Activate ‘’S’ I/F ME LIU 
84 Set D-Channel Priority ME LIU 
85 LIU B-Channel Control ME LIU 
86 LIU Receiver Control ME LIU 
90 Initialize the MAP ME MAP 
91 Begin a Tone ME MAP 
92 End a Tone ME MAP 
93 Begin Digital Loopback ME MAP 
94 End Digital Loopback ME MAP 
95 MAP Output Control ME MAP 
96 Load X-Filter Coefficients ME MAP 
97 Load R-Filter Coefficients ME MAP 
98 Load GX Coefficients ME MAP 
99 Load GR Coefficients ME MAP 
9A Load GER Coefficients ME MAP 
9B Load SideTone Gain Coeff. ME MAP 
AO Set the Clock Mode ME INIT 
Al Set the Power-On Mode ME INIT 
A8 Make a B-Channel Connection ME MUX 
BO ME Event Clear To Send ME All 
B1 L2 Event Clear To Send L2 All 


3.4. Event Sequences 


Events are messages passed from the DSC LLD back to 
either the L2 protocol or the ME. Event reporting can be 
disabled on an event by event basis using the LOAD EVENT 
ENABLES primitive. In this case, disabled events are lost. 
Event reporting can be disabled using the L2_EVENT CTS or the 
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ME EVENT CTS primitives. These primitives prevent the LLD 
from reporting events but continues to queue up to 10 events 
each for the L2 and the ME. Event reporting can be enabled 
by issuing the L2 EVENT _CTS or ME EVENT CTS as appropriate. 


Figure 3 shows a typical event sequence assuming that 
event reporting is enabled. Note that the Receipt Code 
returned by the L2 or ME may indicate that the command has 
simply been received or that some data is available. This 
depends upon the particular event issued. 


Table 9 lists the valid event codes which the DSC LLD 
will generate. Each event is described in detail ina later 
section. 


Figure 3 - Typical Event Sequence 
L2 or ME LLD 


Write an OxFF to the 
Receipt Code in the event 
mailbox. 


Write the Event Code to 
the event mailbox. 


Write any event parameters 
to the event mailbox. 


Call the Event Generator 
routine for the target 
mailbox. 


<----- INTERRUPT <----- 
(or function call) 


Read the Event Code from 
the event mailbox. 


Process the event using 
the Parameters from the 
event mailbox. 


Write the appropriate Receipt 
Code to the event mailbox. 


Execute a return from interrupt 
(or return from subroutine) instruction. 


When the Receipt Code in 
the event mailbox is not 
OxFF, the sequence is 
complete. 
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Table 9 - DSC LLD Event Codes Summary 
Code (Hex) Description MB I/F Module 
0 Transmission Complete L2 DLC 
1 Packet Received L2 DLC 
C Buffer Allocation Request ME All 
10 DLC Error ME DLC 
20 LIU/HSW Status ME LIU 
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4. Programming 


This section describes the command and event primitives that 
are used with the DSC LLD. This section is organized by DSC 
module (DLC, LIU, MAP, & MUX). Within each module subsection, all 
commands and events for that module are described. 


All primitives, except those noted in Table 8 and 9, use the 
ME mailbox. The L2 mailbox is only used by a few DLC primitives. 


Each primitive description contains the following 
information: 


PRIMITIVE: Name of command/event. 

CODE: Command or event code for the primitive. 

MAILBOX: Mailbox to be used with this primitive. 

INPUTS: Input parameters for this primitive. These 
are identified as mailbox parameter bytes 0 to 
15. 

OUTPUTS: Output parameters for this primitive. These 
are identified as mailbox parameter bytes 0 to 
15. 


RECEIPT CODES: Possible Receive Codes for this primitive. 


DESCRIPTION: Describes the functions and services provided 
by this primitive. 


NOTES: Describes any special considerations related 
to this primitive. 
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4.1. Line Interface Unit (LIU) 


This section describes the primitives used to access the 
LIU services. Primarily, the LIU services deal with 


activation on the 


Commands 

LIU_INIT 

GET LIU_STATE 

GET HSW_STATE 

REQ LIU ACTIVATION 
ENABLE_LIU 

SET DCH PRIORITY 


ENABLE_BCH 


Events 


LIU_STATUS 


interface and hookswitch status. 


Description 

Initialize the LIU. 

Get the current activation state. 
Get the current hookswitch state. 
Activate the ’S’ I/F. 
Enable/disable the LIU receiver. 
Set the D-channel priority. 


Enable/disable the LIU B-channels. 


Description 
LIU &/or HSW change of state. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


LIU_INIT 


0x80 


ME 


None. 


None. 


00 
01 
FF 


Initialization is complete. 
Illegal command. 
Command not yet complete. 


Upon exit the LIU will be in the idle mode 
with the Bl & B2 channels and the receiver 
disabled. 


To achieve line activation, the user should 
issue the ENABLE LIU and REQ LIU_ACTIVATION 
primitives. Notification of activation state 
changes will be given via LLD to ME events. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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GET LIU STATE 


Ox8s1 

ME 

None 

status Parameter byte 0 reflects the 
current LIU activation state plus 
2 as read from the DSC LSR. This 
value reflects the current F-state 
of the LIU. 

00 = Command is complete. 

01 = Illegal command. 

FF = Command not yet complete. 


This primitive returns the current LIU ’S’ 
interface F-state. 
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PRIMITIVE: GET HSW_STATE 

COMMAND CODE: Ox82 

MAILBOX: ME 

INPUTS: None 

OUTPUTS: Status Parameter byte 0O reflects the 


current state of the HSW pin. A 
0x00 indicates a LOW Signal anda 
Ox01 indicates a HIGH signal on the 


HSW pin. 
RECEIPT CODES: 0O = Command is complete. 
01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive returns the current state of 


the DSC HSW pin. 





NOTES: 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 
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REQ LIU_ACTIVATION 


0x83 


ME 


Activate/Deactivate (parameter byte 0) - 
Activate = 1; Deactivate = Not 1 


None 

00 = Command has been received. 
01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet received. 


This primitive allows the user to request that 
the LIU attempt to establish line activation. 
This primitive is equivalent to the PH-ACTIVE 
request primitive defined by CCITT. 


The deactivate option does not remove 
deactivation since a TE may not request 
deactivation. If the NT causes a 
deactivation, the DSC will normally 
immediately request re-activation. If the 
deactivate option is used, the DSC will not 
request re-activation. The deactivate option 
should not be called until after activation is 
achieved. 


The transition from the present activation 
state to the request state will be reported 
using the LIU STATUS event. 


This primitive should only be issued when the 
LIU in state F3, F7, or F7 and the LIU 
receiver has been enabled for a minimum of 250 
mS. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS : 


OUTPUTS : 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 
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SET _DCH_PRIORITY 


0x84 


ME 


Priority (parameter byte 0) - Contains a 
four-bit priority (0 - OxF). Only the least 
Significant nibble is used. 


None 

00 = Initialization is complete. 
01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive sets the D-channel priority 
level. This is used in passive bus 
configurations. 


The default value is ZERO. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS : 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


ENABLE_BCH 
0x85 

ME 

Bl (parameter byte 0) - 


Enabled = 1; Disabled = Not 1 


B2 (parameter byte 1) - 
Enabled = 1; Disabled = Not 1 


None 

00 = Command is complete. 

O01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows the user to enable or 
disable either or both of the LIU B-channels. 
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PRIMITIVE: ENABLE LIU 
COMMAND CODE: 0x85 

MAT LBOX: ME 

INPUTS: Enable/Disable (parameter byte 0) - 


Enabled = 1; Disabled = Not 1 


OUTPUTS: None 
RECEIPT CODES: 00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 
DESCRIPTION: This primitive allows the user to enable or 


disable the LIU receiver. If the receiver is 
disabled, ’S’ interface line activation will 
be lost. 


NOTES: 
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PRIMITIVE: 


EVENT CODE: 


MATLBOX: 


INPUTS : 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 
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LIU_STATUS 


0x20 


ME 


STATUS (parameter byte 0) - A ONE in bit 0 
indicates that the LIU has changed state. A 
ONE in bit 1, indicates that the HSW pin has 
changed state. 


F-STATE (parameter byte 1) - Contains the 
F-state value as of the last LIU change of 
state. 


HSW-STATE (parameter byte 2) <- Contains the 
value of the HSW pin as of the last HSW change 
of state. 


None 

00 = Event has been received. 
01 = Illegal event. 

02 = Illegal Parameter. 

FF = Event not yet received. 


This primitive is used to notify the ME that 
an LIU and/or hookswitch change of state has 
occurred. This event also returns the current 
LIU F-state and HSW pin level. 


The LIU_STAT primitive is the equivalent to 
the PH-STATUS indication primitive. 
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4.2. Data Link Controller (DLC) 


This section describes the primitives available to 


access the DLC services. 


These primitives are compatible 


with those used by AmLink LAPD and those provided by the IDPC 


LLD. 


Commands 
DLC_INIT 
XMIT BUFFER 
READ REQUEST 


UPDATE _ADDR_RECOGNITION 


XMIT ABORT 


BEGIN REMOTE LOOP 
END_REMOTE_LOOP 
BEGIN LOCAL LOOP 
END LOCAL LOOP 
GET_RANDOM_NUM 


D_CH_ BACKOFF 


Events 
PACKET _RCVD 
XMIT_ DONE 


ERROR_STATUS 


Description 
Initialize the DLC. 


Transmit a buffer. 
Request a packet read. 


Update address recognition 
parameters. 


Abort the current buffer 
transmission. 


Begin remote loopback. 
End remote loopback. 
Begin local loopback. 
End local loopback. 
Get a random number. 


Enable/disable D-Channel 
backoff. 


Description 


Packet received w/o error. 
Buffer transmitted w/o error. 


DLC error status. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES; 
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DLC_INIT 


ME 


None, uses the DLC IPB in the RIB. 


None. 

00 = Initialization is complete. 
01 = Illegal command. 

FF = Command not yet complete. 


This primitive places the DSC DLC into a known 
state. The primitive installs the DLC IPB 
parameters, disables address recognition, gets 
two buffers for the DLC receiver, and enables 
all DLC interrupts. 


When this primitive is issued, any DLC 
operation in-progress is aborted. Normally, 
the parameters in the DLC IPB are not changed 
after the original initialization. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS : 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


XMIT BUFFER 


L2 


Buffer Address (parameter bytes 0-3) 
Packet Length (parameter bytes 4-5) 
Buffer Length (parameter bytes 6-7) 
Buffer Reference Number (parameter bytes 8-9) 


Transmitter not available. 
Command not yet received. 


04 
FF 


None 

00 = Command was received. 
01 = Illegal command. 

O02 = Illegal parameter. 

03 = Transmitter busy. 


This primitive initiates a buffer 

transmission on the D-channel. This primitive 
is equivalent to the PH-DATA request 
primitive. 


The DSC LLD does not use the ’Packet Length’ 
parameter. The DSC LLD will transmit a 
packet of ‘Buffer Length’. 


If this primitive is issued while the 
transmitter is busy from a previously issued, 
but unfinished, XMIT BUFF, a Transmitter Busy 
receipt code is returned. The user may 
re-issue the primitive after the current 
transmission is complete as indicated by a 
XMIT_ DONE. 


If an XMIT_BUFF primitive is issued and either 
the LIU is not active or the DLC is not ina 
local loopback mode, a Transmitter Inactive 
Receipt Code is issued and the command is 
ignored. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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READ REQUEST 


Ox0C 


L2 


Buffer Address (parameter bytes 0-3) 
Buffer Reference Number (parameter bytes 4-5) 


None 

0O = Command was received. 

01 = Illegal command. 

05 = Receive buffer queue is full. 
FF = Command not yet received. 


This primitive allows receive buffers to be 
manually posted to the DLC. By default, the 
DLC is configured to automatically request new 
receive buffers as they are needed. If the 
DLC IPB has been initialized to disable the 
auto-receive buffer requests, this primitive 
must be used to post a buffer in which to 
receive a packet. 


If ME event reporting has been disabled via 
the ME CTS primitive, auto-receive buffer 
requests can be lost. If this occurs, the LLD 
may be stuck waiting for a buffer which will 
never arrive. For this reason, it is 
important that the system be "tuned" to 
prevent ME queue overflows or READ REQ 
primitives be used to manually post receive 
buffers instead of enabling auto-receive 
buffer requests. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


UPDATE ADDR_RECOGNITION 


0x03 


ME 


Enable/Disable (parameter byte 0) - A ZERO 
indicates disable address recognition for the 
specified address recognition register. 


Address Register Number (parameter byte 1) - 
Identifies address recognition register 0, 1, 
2, or 3 to be affected by this command. 


Address (parameter bytes 2-3) - Value to be 
loaded into the specified address recognition 
register. If single byte addresses are 
enabled in the DLC IPB, parameter byte 2 
contains that address regardless of which 
address byte (lst or 2nd) is enabled. 


None 

00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows the DLC address 
recognition services to be used. Address 
recognition can be used as a bandpass filter, 
allowing only packets with the specified 
addresses to be received. 


Three types of address recognition can be 
used. The first is a two byte address. The 
second is single byte recognition, list byte 
only. The third is single byte recognition, 
2nd byte only. The DSC DLC supports up to 
three unique addresses. 


The DLC IPB contains fields which define the 
length of the address to be used. For single 
addresses, the DLC IPB also contains a field 
which defines which address is to be used. 
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PRIMITIVE: 
COMMAND CODE: 
MAILBOX: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


‘NOTES: 
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XMIT ABORT 


ME 


None 


None 


00 
01 
FF 


Command is complete. 
Illegal command. 
Command not yet complete. 


This primitive causes any buffer transmission 
that was previously issued to be aborted. An 
XMITDONE event with a non-zero Status 
parameter is sent to the L2 following an 
aborted transmission. 
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PRIMITIVE: BEGIN REMOTE LOOP 
COMMAND CODE: 6 
MAT LBOX: ME 
INPUTS: None 
OUTPUTS: None 
RECEIPT CODES: 0O = Command is complete. 
01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive places the D-channel on the LIU 


into a remote loopback (echo) mode. 
Information arriving at the LIU receiver is 
immediately sent on the LIU transmitter. 


NOTES : 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS : 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 


END REMOTE LOOP 


ME 


None 


None 


00 
O1 
FF 


Command is complete. 
Illegal command. 
Command not yet complete. 


This primitive removes the D-channel remote 
loopback on the LIU if enabled. If the remote 
loopback is not enabled, the command does 
nothing. 
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PRIMITIVE: BEGIN LOCAL LOOP 
COMMAND CODE: 8 
MAILBOX: ME 
INPUTS: None 
OUTPUTS: None 
RECEIPT CODES: 00 = Command is complete. 
01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive places the D-channel into a 


local loopback mode. In this mode, data sent 
for transmission by the local processor is 
returned to the local processor on the DLC 
receiver. 


NOTES: 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


END LOCAL LOOP 


ME 


None 


None 


00 
O01 
FF 


Command is complete. 
Illegal command. 
Command not yet complete. 


This primitive removes the D-channel local 
loopback, if enabled. 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 
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GET RANDOM NUMBER 


Ox0a 


ME 


None 


Random Number (parameter byte 0 & 1) 


00 = Command is complete. 
01 = Illegal command. 
FF = Command not yet complete. 


This primitive returns a 16-bit psuedo-random 
number. The number is generated from a free 
running counter within the DSC. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


D CH _BACKOFF 


OxOb 


ME 


None 


MODE - 
Enable = 1; Disable = Not 1 


0O = Command is complete. 

O01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows packet transmission 
which detect a D-channel collision to abort 
transmission (backoff enabled) or to continue 
transmitting (backoff disabled). 
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PRIMITIVE: XMIT_ DONE 
EVENT CODE: 0 
MATLBOX: L2 
INPUTS : Status (parameter bytes 0-1) 
OUTPUTS : None 
RECEIPT CODES: 0O = Event has been received. 
01 = Illegal event. 
FF = Event not yet recognized. 
DESCRIPTION: This primitive is used to notify the L2 code 


that the last buffer transmission command 
issued has completed. The Status parameter 
indicates whether the transmission was 
successful or not (0 = successful, non-zero = 
aborted). 


An XMIT DONE is also issued as the result of a 3 
D-Channel collision or a Transmit Underrun 

error or as the result of an XMIT_ABORT 

primitive. 


NOTES: The XMITDONE primitive is equivalent to the 
CCITT PH-DATA Response primitive. 
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PRIMITIVE: 


EVENT CODE: 


MAT LBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 
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PACKET RCVD 


L2 


Buffer Address (parameter bytes 0-3) 
Packet Length (parameter bytes 4-5) 


Buffer Reference Number (parameter bytes 6-7) 


None 

00 = Event has been received. 
01 = Illegal command. 

02 = Illegal parameter. 

FF = Event not yet received. 


This primitive is used to notify the L2 code 
that a packet has been successfully received. 


The DSC LLD is double-buffered. This means 
that the DSC LLD can accept two packets before 
losing a packet. After receiving the first 
packet, the DSC LLD will request a new buffer 
from the ME. If a new buffer is not received 
prior to the beginning of a third packet, that 
packet will be lost. 


A BUFFSERV event is issued for each RCVDONE to 
replace the buffer passed to the L2. This 
BUFFSERV event should be serviced prior to the 
need to remove a data for a third packet from 
the receive FIFO. If this has not occurred, 
that third packet will be lost. 


The PACKET RCVD primitive is equivalent to the 
CCITT PH-DATA Indication primitive. 
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PRIMITIVE: 


EVENT CODE: 


MAT LBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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ERROR_STATUS 


0x10 
ME 
® 
ERROR (parameter byte 0) - A ONE in any bit 


position indicates that error occurred: 


Bit 0: Abort Sequence Received. 
1s Non-Integer Number of Bytes 
Received. 
2: D-Channel Collision Occurred. 
3% FCS Error on Received Packet. 
4: ‘Long’ Packet Received. 
53 ‘Short’ Packet Received. 
6: Receiver Overrun Occurred. 
7% Transmitter Underrun Occurred. 
None 
00 = Event has been received. 
O01 = Illegal event. 
02 = Illegal Parameter. 
FF = Event not yet received. 


This primitive is used to notify the ME that 

a D-channel error has occurred. If a Receiver 
error is detected, the DSC LLD will abort the 
rest of the packet. If a D-channel 
transmitter error is detected, the DSC LLD 
will also send an XMIT DONE event with a non- 
zero Status parameter to the L2. 


The ERR STAT primitive is the equivalent to 
a combination of the PH-ERROR primitive. 
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4.3. Multiplexor (MUX) 


The DSC LLD supports up to three B-channel connections 
using the DSC MUX. These allow a number of different 
connections within the DSC. 


Commands Description 
ALLOCATE _BCH_CONNECT Allocate a B-channel 


connection via the MUX. 
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PRIMITIVE: ALLOCATE BCH CONNECT 

COMMAND CODE: OxA8 

MAILBOX: ME 

INPUTS: Connection (parameter byte 0) - Corresponds 
ae a of the three MUX control registers (0 


Side #1 (parameter byte 1) - 


0x00 = Deallocate channel. 
Ox0l = Bl on ’S’ I/F 

Ox02 = B2 on ’S’ I/F 

0x03 = MAP (Audio port) 
Ox04 = Bb from MPI 

0x05 = Bc from MPI 

Ox06 = SBP channel 1 

Ox07 = SBP channel 2 

0x08 = SBP channel 3 


Side #2 (parameter byte 2) - 





0x00 = Deallocate channel. 
0x01 = Bl on ’S’ I/F 

Ox02 = B2 on ’S’ I/F 

0x03 = MAP (Audio port) 
0x04 = Bb from MPI 

0x05 = Bc from MPI 

Ox06 = SBP channel 1 

OxO07 = SBP channel 2 

0x08 = SBP channel 3 


OUTPUTS: None 
RECEIPT CODES: 00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 
DESCRIPTION: This primitive allows the user to make B- 


channel connections to the MAP, Serial Bus 
Port (SBP), or to the processor interface. 


NOTES: For this primitive to be effective on the ’S’ 
interface, the ENABLE BCH primitive should be 
issued. 
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4.4. Main Audio Processor (MAP) 


The MAP commands are used to allow the user to control 
call progress, ringing, and DTMF tones. The MAP commands 
also allows the user the ability to perform analog or digital 


loopback within the MAP. 


Commands 

MAP_INIT 

BEGIN TONE 
END_TONE 

BEGIN DIGITAL LOOP 
END DIGITAL LOOP 
MAP OUTPUT _CTRL 
MAP OUTPUT GAIN 


LOAD X FILTER COEFFICIENTS 
LOAD R_FILTER COEFFICIENTS 
LOAD_GX GAIN COEFFICIENTS 
LOAD GR GAIN COEFFICIENTS 
LOAD GER GAIN COEFFICIENTS 


LOAD STG GAIN COEFFICIENTS 


Description 

Initialize the MAP. 

Begin a tone. 

End a tone. 

Begin digital loopback. 
End digital loopback. 
MAP audio output control. 
MAP audio output gain. 


Load X-Filter 
Coefficients. 


Load R-Filter 
Coefficients. 


Load GX Gain 
Coefficients. 


Load GR Gain 
Coefficients. 


Load GER Gain 
Coefficients. 


Load Side Tone Gain 
Coefficients. 
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PRIMITIVE: MAP INIT 
COMMAND CODE: 0x90 
MAILBOX: ME 
INPUTS: None 
OUTPUTS: None 
RECEIPT CODES: 0O = Initialization is complete. 
01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive installs the MAP IPB and 


initializes the MAP hardware in the DSC. Upon 
exit, the MAP call-progress, DTMF, and ringing 
tones are disabled. The MAP high-pass filter 
and ADC auto-zero functions are enabled. 


The default MAP filter coefficients are 
sufficient for most handsets using a carbon- 
based microphone. 


NOTES: 


Am79C30A LLD Reference Guide 3-299 


Am79C30A 


PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


3-300 


DSC LOW-LEVEL DRIVER REFERENCE GUIDE 


BEGIN TONE 


0x91 


ME 


Command (parameter byte 0-1) - 


0 = Ringing tone. 
1 = Single frequency tone. 
2 = DTMF tone. 


Frequency #1 (parameter byte 2-3) - 
(in Hz) 


Amplitude Gain #1 (parameter byte 4-5) - 
(in absolute value dB, from -18 to O dB in 2 
dB steps) 


Frequency #2 (parameter byte 6-7) - 
(in Hz) 


Amplitude Gain #2 (parameter byte 8-9) - 
(in absolute value dB, from -18 to O GB in 2 
aB steps) 


None 

00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive starts a ringing, single, or 
DTMF tone with the specified frequencies and 
amplitudes. The output is directed to the MAP 
audio output port: LS1/LS2 or EAR1/EAR2. 


The specified frequency(ies) must correspond 
to those listed in the Am79C30A data sheet. 
Any other values will return with an Illegal 
Parameter Receipt Code. 
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PRIMITIVE: END_TONE 

COMMAND CODE: 0x92 

MAILBOX: ME 

INPUTS: None 

OUTPUTS : None 

RECEIPT CODES: 00 Command is complete. 


01 
FF 


Illegal command. 
Command not yet complete. 


DESCRIPTION: This primitive turns-off the tone generators 
if enabled. 


NOTES : 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


BEGIN DIGITAL LOOP 


0x93 


ME 


None 


None 


00 
01 
FF 


Command is complete. 
Illegal command. 
Command not yet complete. 


This primitive places the MAP into a digital 
loopback. In other words, data routed to the 
MAP via the MUX is not output but is returned 
to the MUX. 


In order to perform an analog loopback for the 
MAP, use the ALLOCATE BCH CONNECT primitive to 
connect the MAP input to the MAP output. 
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PRIMITIVE: END DIGITAL LOOP 

COMMAND CODE: 0x94 

MAILBOX: ME 

INPUTS: None 

OUTPUTS: None 

RECEIPT CODES: 00 Command is complete. 


Ol 
FF 


Illegal command. 
Command not yet complete. 


DESCRIPTION: This primitive disables the MAP digital 
loopback. 


NOTES : 


Am79C30A LLD Reference Guide 3-303 


Am79C30A DSC LOW-LEVEL DRIVER REFERENCE GUIDE 


PRIMITIVE: MAP OUTPUT CTRL ‘ 

COMMAND CODE: 0x95 

MAILBOX: | ME 

INPUTS: Ear/LS (parameter byte 0) - 
- O = Ear output enabled 


- 1 = Loudspeaker output enabled 


OUTPUTS : None 
RECEIPT CODES: 00 = Initialization is complete. 
01 = Illegal command. 
02 = Illegal parameter. 
FF = Command not yet complete. 
DESCRIPTION: This primitive allows the user to specify the 


MAP audio output port. The default port is 
the EAR1/EAR2 port. 


NOTES: 
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PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


LOAD X-FILTER COEFFICIENTS 


0x96 


ME 


COEFFICIENTS (parameter bytes 0-15) - 


None 

00 = Command Complete 

01 = Illegal command. 

FF = Command not yet complete. 


This primitive allows the user to load the X- 
Filter coefficients. The coefficients are 
organized as: h0O LSB, hO MSB, hil LSB ... h7 
MSB. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 


LOAD R-FILTER COEFFICIENTS 


0x97 


ME 


COEFFICIENTS (parameter bytes 0-15) - 


None 

00 = Command Complete 

O01 = Illegal command. 

FF = Command not yet complete. 


This primitive allows the user to load the R- 
Filter coefficients. The coefficients are 
organized as: h0O LSB, hO MSB, hi LSB ... h7 
MSB. 
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PRIMITIVE: LOAD GX GAIN COEFFICIENTS 

COMMAND CODE: 0x98 

MAT LBOX: ME 

INPUTS: COEFFICIENTS (parameter bytes 0-1) - 


Parameter Byte O - LSB 
PArameter Byte 1 - MSB 


OUTPUTS: None 
RECEIPT CODES: OO = Initialization is complete. 
O01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive allows the user to load the GX 


gain coefficients. 


NOTES: 
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PRIMITIVE: 
COMMAND CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


LOAD GR GAIN COEFFICIENTS 


0x99 


ME 


COEFFICIENTS (parameter bytes 0-1) - 
Parameter Byte 0 - LSB 
Parameter Byte 1 - MSB 


None 

00 = Initialization is complete. 
O01 = Illegal command. 

FF = Command not yet complete. 


This primitive allows the user to load the GR 
gain coefficients. 


Am79C30A LLD Reference Guide 


Am79C30A DSC LOW-LEVEL DRIVER REFERENCE GUIDE 


PRIMITIVE: LOAD GER GAIN COEFFICIENTS 

COMMAND CODE: Ox9A 

MAILBOX: ME 

INPUTS: COEFFICIENTS (parameter bytes 0-1) - 


Parameter Byte O - LSB 
Parameter Byte 1 - MSB 


OUTPUTS: None 
RECEIPT CODES: 00 = Initialization is complete. 
01 = Illegal command. 
FF = Command not yet complete. 
DESCRIPTION: This primitive allows the user to load the GER 


gain coefficients. 


NOTES : 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


3-310 


OUTPUTS : 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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LOAD STG GAIN COEFFICIENTS 
Ox9B 
ME 


COEFFICIENTS (parameter bytes 0-1) - 
Parameter Byte O - LSB 
Parameter Byte 1 - MSB 


None 

00 = Initialization is complete. 
01 = Illegal command. 

FF = Command not yet complete. 


This primitive allows the user to load the STG 
gain coefficients. 
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4.5. Misc Service Requests 


This section describes several additional commands 
which are available in the DSC LLD. The DSC POR 
initialization routine is included in this section. The POR 
Initialization routine is not a mailbox primitive but a 
simple subroutine call. Others dealing with the buffer 
allocation/deallocation request, updating the event mask, and 
setting the DSC clock & power modes are mailbox primitives. 


Commands Description 

UP_EVENT_ MASK Update the event mask. 

SET _CLK_ MODE Set the DSC clock mode. 

SET PWR_MODE Set the DSC power mode. 

LOAD _EVENT_ENABLES Enable/Disable specific 
events. 

L2_ EVENT CLEAR TO SEND Enable/Disable L2 event 
reporting. 

ME EVENT CLEAR TO SEND Enable/Disable ME event 
reporting. 

Events Description 

BUFF_ SERVICE Buffer allocation 
request. 
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Am79C30A 


PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS : 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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DSC LLD Initialization 

Not Applicable 

Not Applicable 

None, uses Configuration Table information. 
None 

00 = Initialization is complete. 


This routine is used to initialize the DSC 
hardware, IPBs, and Private RAM area. This 
routine must be called prior to using any DSC 
LLD mailbox services. Normally, the routine 
should be part of the system POR 
initialization sequence. 


After the dsc_init() routine is executed, all 
DSC registers are loaded with ’00’. This 
value disables all functions. The DSC Private 
RAM area is cleared. The DLC & MAP IPBs are 
loaded with their default values. 


The DLC will request new DLC receive buffers. 
The DLC will not deallocate its old receive 
buffers. This is the responsibility of the 
Management entity. 


The user should issue the DLC_INIT, MAP_INIT, 
and LIU_INIT primitives to install the IPBs 
into the DSC hardware. The user may modify 
the IPB values prior to issuing the 
appropriate initialization primitive. 
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PRIMITIVE: 


EVENT CODE: 


MAT LBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


BUFF_ SERVICE 
Ox0C 

ME 

MODE (parameter byte 0) - A ZERO indicates 
that an allocation is requested. 

SIZE (parameter byte 1 & 2) - The size in 
bytes of the buffer requested. 

ADDR (parameter bytes 3-6) - Contains the 
base address of the buffer requested. 


REFNO (parameter bytes 7-8) - Contains the 
reference number of the buffer provided. 


00 = Initialization is complete. 
01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive is used to request that a 
buffer be allocated to the DSC LLD. This 
primitive is used to obtain a buffer for the 
DLC receiver. The deallocate option is not 
used by the DSC LLD. The REFNO is used when 
passing a buffer back to the ME or to the L2 
code. 


The ME must be able to supply a buffer of at 
least MAXPACKETSZ as defined in the DLC IPB. 
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PRIMITIVE: LOAD EVENT ENABLES 
COMMAND CODE: 5 
MAT LBOX: ME 
INPUTS: Event Enables (parameter bytes 0-1) - 
Byte 0, bit 0 - °#Enable XMIT DONE Events. 
Byte 0, bitl1 - Enable PACKET RCVD Event. 
Byte 0, bit 2 - Enable BUFF SERV Events. 
Byte 0, bit 3 - Enable LIU STATUS Events. 
Byte 0, bit 4 - Enable HSW_STATUS Events. 
Byte 1, bit 0 - Enable Abort Rvcd Events. 
Byte 1, bit 1 - Enable Non-Integer # of 
Bytes Rcvd Events. 
Byte 1, bit 2 - Enable D-Ch. Collision 
Events. 
Byte 1, bit 3 - Enable FCS Error Events. 
Byte 1, bit 4 - Enable ’Long Packet’ Rcvd 
Error Events. 
Byte 1, bit5 - Enable ’Short Packet’ Rcvd 
Error Events. 
Byte 1, bit 6 - Enable Receiver Overrun 
Error Events. 
Byte 1, bit 7 - Enable Transmitter 


Underrun Error Events. 


OUTPUTS: None. 
RECEIPT CODES: 00 = Update is complete. 
01 = Illegal command. 
02 = Illegal parameter. 
FF = Command not yet complete. 
DESCRIPTION: This primitive causes a new event mask to be 


used by the DSC LLD. The event mask allows 
event reporting to be individually enabled or 
disabled. 


NOTES: Events may still occur even though they are 
not reported. 


3-314 Am79C30A LLD Reference Guide 


Am79C30A DSC LOW-LEVEL DRIVER REFERENCE GUIDE 


PRIMITIVE: SET CLOCK MODE 
COMMAND CODE: OxAO 
MAILBOX: ME 
INPUTS: Selector (parameter byte 0) - 
- 0 = divide by 2 
- 1 = divide by 1 
- 2 = divide by 4 
- 3 = divide by 3 
OUTPUTS: None 
RECEIPT CODES: 00 = Command is complete. 
01 = Illegal command. 
02 = Illegal parameter. 
FF = Command not yet complete. 
DESCRIPTION: This command sets the DSC clock mode. 
NOTES: The DSC will power up in the divide by two 
mode. 
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PRIMITIVE: SET _PWR_MODE 
COMMAND CODE: OxA1 
MAILBOX: ME 
INPUTS: Mode (parameter byte 0) - 

_ 0 = Idle 

- 1 = Active 

- 2 = Active without the MAP 
OUTPUTS: None 
RECEIPT CODES: 0O = Command is complete. 

O01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 
DESCRIPTION: This primitive sets the DSC power mode. 
NOTES: The DSC is in the Idle mode after a reset. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES : 


L2_ EVENT CTS 


OxB1 


L2 


Mode (parameter byte 0) - 
- 0 = Disable 
- 1 = Enable 


eeeroe (parameter byte 1) - 
O = Empty Queue 
- -1 = Queue overrun has occurred 


00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows event reporting from the 
LLD to the L2 to be controlled. When this 
primitive is issued with a DISABLE parameter, 
the LLD will continue to queue events but will 
not report them to the L2 until the primitive 
is re-issued with the ENABLE parameter. 
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PRIMITIVE: 


COMMAND CODE: 


MATLBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


3-318 


ME EVENT CTS 


OxBO 


ME 


Boge (parameter byte 0) - 
0 Disable 
- 1 Enable 


Stacus (parameter byte 1) - 
: = Empty Queue 
- -1 = Queue overrun has occurred 


00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows event reporting from the 
LLD to the ME to be controlled. When this 
primitive is issued with a DISABLE parameter, 
the LLD will continue to queue events but will 
not report them to the L2 until the primitive 
is re-issued with the ENABLE parameter. 
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1. DISTINCTIVE CHARACTERISTICS 


This document describes the user interface to the Low- 
Level Device Driver (LLD) for the Am79C401 Integrated 
Data Protocol Controller (IDPC) Data Link Controller 
(DLC). The IDPC DLC LLD has been implemented using 
the ‘C’ programming language to maximize portability and 
readability with a minimum effect upon performance. 


Table 1 - Summary of IDPC DLC LLD Features 


Written primarily in ANSI ‘C’. 

Less than 5% written in Microsoft 8088 Macro 
Assembler. 

Minimum operating system and processor 
dependencies. 

Uses 80188/80186 DMA. 

Supports optional logging to a file. 
Interrupt-driven mailbox interface to/from Layer 2 (L2) 
and Management Entity (ME) routines. 
Compatible with AmLink'™ (LAPD/LAPB) Layer 2 
software. 


2. GENERAL DESCRIPTION 


This document describes the user interface to the Low- 
Level Device Driver (LLD) for the Am79C401 Integrated 
Data Protocol Controller (IDPC) Data Link Controller 
(DLC). 


2.1 Purpose 


The IDPC DLC LLD is intended to be used as a general 
purpose example of IDPC DLC programming. The IDPC 
DLC LLD source code contains examples illustrating how 
to use and access the many features of the Am79C401 
IDPC DLC hardware. 
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E = EVENT MAILBOX 
C = COMMAND MAILBOX 


The IDPC DLC LLD can be used with any bit-oriented 
protocol (BOP) including AmLink™, AMD’s LAPD/LAPB 
implementation. In Integrated Services Digital Network 
(ISDN) applications, the IDPC DLC LLD is used to support 
the packet protocol for the B-Channel. (The Am79C30A 
Digital Subscriber Controller (DSC) LLD provides the 
same services for the D-Channel.) The interfaces pro- 
vided by the DSC and IDPC DLC LLDs use the same 
primitives so that both D-Channel and B-Channel can use 
the same Layer 2 software. The DSC and |IDPC DLC LLDs 
provide a hardware independent interface to upper layer 
protocols such as LAPD. 


2.2 System Requirements 


The IDPC DLC LLD places relatively few requirements on 
the target system. The IDPC DLC LLD requires that the 
Operating System (OS) provide a method for requesting 
and returning memory buffers. No other OS services are 
required. The system requirements are summarized below: 


- 4kBytes of RAM/ROM for object code. 

* 64 bytes of shared RAM for the configuration table. 

* 256 bytes of shared RAM for mailboxes and initialization 
parameter blocks. 

One or more shared memory buffers of MAXPACKSZ 
(Maximum Packet Size) for data transfers. 

128 bytes of stack RAM. 

Memory allocation service from the OS. 

Event interrupt generation routines. 80188/80186 DMA 
hardware (both channels). 
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Figure 1. Inter-Layer Mailbox Interface 
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2.3 Architecture 


Communications with the IDPC DLC LLD by Layer 2 (L2) or 
Management Entity (ME) routines are performed via mail- 
boxes and interrupts. As shown in Figure 1, the IDPC DLC 
LLD includes four mailboxes. One pair of mailboxes is 
required for the L2 interface and a second pair is required 
for the ME interface. Each interface pair includes a com- 
mand and an event mailbox. The mailbox structure is 
described in a later section. 


The ME is a set of routines which are provided by the user 
to perform connection and layer management functions. 
These are generally system dependent functions that are 
used to tie the various D-Channel and B-Channel protocol 
layers together in the user's system drivers. 


Command mailboxes are used to allow commands to be 
sent from the L2 or ME routines to the IDPC DLC LLD. 
Commands are loaded into the mailbox by the calling 
routine an interrupt is then generated to inform the IDPC 
DLC LLD that a command is available for processing. The 
IDPC DLC LLD acknowledges the receipt of the command 
through the same mailbox. 


Event mailboxes are used to send status information from 
the IDPC DLC LLD to the L2 or ME routines. The IDPC DLC 
LLD loads the event information into the proper mailbox 
then, generates an interrupt which alerts the L2 or ME layer 
that an event has occurred and is available. The receiving 
routine, L2 or ME, acknowledges the event in the same 
mailbox. 


The L2-DLC LLD interface (mailbox pair) is used primarily 
for data transfer primitives. The ME-DLC LLD interface is 
used to pass control and status information. 


2.4 Target Environment 


The IDPC DLC LLD can be used in either a single proces- 
sor environment or a multi-processor system. In the single 
processor system, inter-layer communications are signaled 
using software interrupts. In a multi-processing system, 
hardware interrupts are used. In either case, the operation 
of the IDPC DLC LLD is the same. The interrupt handler 
used to process the mailbox message (command or event) 
is the same for both software and hardware based systems. 


The IDPC LLD is initially implemented on an 80188/86 pro- 
cessor, using the ‘C’ programming language to enhance 
portability. The two primary processor dependencies are. 


* Word (16-bits) and long word (32-bits) byte order 
¢ Address segmentation 


2.5 Development Environment 


The IDPC DLC LLD is implemented using Microsoft ‘C’ 
Compiler Version 4.0 and the Microsoft Macro Assembler 
Version 5.0. Note that the byte order for all addresses 
specified in this document are in Microsoft ‘C’ “FAR” format: 


Lowest Address Byte: Low-Order Byte OFFSET 
High-Order Byte OFFSET 
Low-Order Byte SEGMENT 

Highest Address Byte: High-Order Byte SEGMENT 


3. FUNCTIONAL DESCRIPTION 

This section shows the IDPC DLC LLD interfaces and ser- 
vices accessible to the user and describes how to use the 
IDPC DLC LLD. 


3.1 POR Configuration and Initialization 


' Prior to using the IDPC DLC LLD, several initialization 


tasks must be performed. These are generally executed 
during the system Power-On Reset (POR) initialization 
sequence. In order to perform these tasks, the user must 
know the following information about the IDPC DLC LLD: 


* Address of IDPC DLC LLD code. 

¢ Offset of POR initialization routine. 

° Offset of IDPC DLC hardware interrupt handler. 

¢ Offset of 80188 DMA hardware interrupt handler. 

* Offset of Layer 2 command input handler. 

¢ Offset of Management Entity command input handler. 
¢ Structure of RAM Interface Block (RIB). 


The IDPC DLC LLD code base address depends upon the 
user's system design. It may be located in firmware or in 
RAM. The IDPC DLC LLD is position independent. 


The IDPC POR initialization routine (referred to as 
illdinit()) is located at offset TBD from the base address of 
the IDPC DLC LLD code. This routine must be called to 
initialize the IDPC DLC LLD. 


The IDPC DLC hardware interrupt handler is located at 
offset TBD from the IDPC DLC LLD code base address. 
This address must be installed in the processor vector 
table prior to calling the {DPC POR initialization routine. 


The 80188 DMA hardware interrupt handler is located at 
offset TBD from the IDPC DLC LLD code base address. 
This address of this routine must be installed in the 
processor vector table prior to calling the IDPC POR 
initialization routine. 


The Layer 2 command input handler is located at offset 
TBD from the IDPC DLC LLD code base address. This 
address of this routine must be installed in the processor 
vector table prior to calling the IDPC POR initialization 
routine. 


The Management Entity input command handler is 
located at offset TBD from the IDPC DLC LLD code base 
address. This address of this routine must be installed in 
the processor vector table prior to calling the IDPC POR 
initialization routine. 


The RAM Interface Block (RIB) is the structure through 
which the IDPC DLC LLD is accessed by either Layer 2 or 
the Management Entity. The IDPC POR initialization 
routine installs default vaiues into the RIB when itis 
called. 


Using the above information, the user must perform or 

provide the following functions: 

¢ Install the interrupt vectors for the IDPC DLC LLD. 

¢ Provide routines to generate L2 and ME event 
interrupts. 

* Build or provide the |DPC DLC LLD configuration table. 

¢ Execute the illdinit() routine. 
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The user must install interrupt vectors for the IDPC DLC 
hardware interrupt handler, the 80188/86 DMA hardware 
interrupt handler, L2 & ME command input handlers, and 
L2 and ME event handlers. The L2/ME event handlers 
reside in the L2 (AmLink™ or other user-written Layer 2) 
code and the user-written ME code. 


The user is required to provide routines which will be 
called by the DLC LLD to generate the interrupts (software 
or hardware) for L2 or ME events. Each routine should be 
in the form of a subroutine which passes no parameters. 
This allows the IDPC DLC LLD to be independent of the 
type of interrupt used to generate the event interrupt. 


The user is also required to service requests for memory 
allocation by the IDPC DLC LLD. The IDPC DLC LLD 
requests memory of size specified by the Maximum 
Packet Size field (in the DLC Initialization Parameter 
Block (IPB)) to support data reception. When a packet is 
received without an error, the IDPC DLC LLD passes the 
buffer to Layer 2; if a packet is received with error, the LLD 
reuses the buffer for the next packet reception. 


The IDPC DLC LLD accesses the configuration table (see 
Table 2) via a pointer to the configuration table located at 
the known address TBD. The configuration table itself can 
be located in RAM or in firmware. 


The ‘illdinit()’ routine uses information from the 64 byte 
user-supplied configuration table (see Table 2) to initialize 
the IDPC hardware, install default values into the IDPC 
DLC Initialization Parameter Block, and initialize the IDPC 
DLC LLD Private RAM area. 


After the ‘illdinit()’ routine is executed, the IDPC DLC LLD 
is in an idle state. Before transmitting or receiving any 
packets, the user must execute the DLC Init and DLC Con- 
trol ME Command primitives. 


Table 2. IDPC DLC LLD Configuration Table Format 


Size 
Offset Description (bytes) 
00 Addr of IDPC DLC LLD Private RAM 4 


04 AddrofDLC LLD RAM Interface Block 4 

08 Addr of L2 Event Generator 4 

OC Addr of ME Event Generator 4 

10 Addr of IDPC DLC Hardware Registers 4 

14. Addr of 80188/86 DMA 4 
Hardware Registers 

18 Reserved 40 


3.1.1 Address of the IDPC DLC Private Data RAM 


This RAM is 64 bytes in length. This area is not required to 
reside in shared memory. 


3.1.2 Address of IDPC DLC LLD RAM Interface Block 


This field contains the address of the shared RAM where 
- the mailboxes and DLC Initialization Parameter Block are 
located. This area must be at least 256 bytes in length. 
The structure of the RAM Interface Block (RIB) is 
described in Table 3. 
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3.1.3 Address of the LAYER 2 
Interrupt Generator Routine 


This field contains a pointer to a user-supplied routine 
which is called by the IDPC DLC LLD to generate an L2 
event interrupt. No parameters are passed; the routine 
should return via a return from subroutine instruction. It is 
required that this routine return with all processor registers 
in the same state as when the routine was called. 


3.1.4 Address o* the MANAGEMENT ENTITY 
interrupt Generator Routine 


This field contains a pointer to a user-supplied routine 
which is called by the IDPC DLC LLD to generate an ME 
event interrupt. No parameters are passed; the routine 
should return via a return from subroutine instruction. It is 
required that this routine return with all processor registers 
in the same state as when the routine was called. 


3.1.5 Address of IDPC DLC Device Hardware 

This field contains the base address of the Am79C401 
IDPC DLC hardware (registers). The IDPC DLC LLD uses 
this pointer to access the Am79C401 device. 

3.1.6 Address of 80188/86 DMA Device Hardware 
This field contains the base address of the 80188/86 DMA 
hardware (registers). The IDPC DLC LLD uses this pointer 


to access the DMA device. 


Table 3. RAM Interface Block Structure 


Size 
Offset Description (Bytes) 

00 L2-DLC LLD Command Mailbox 18 
12 DLCLLD -L2 Event Mailbox 18 
24 ME-DLC LLD Command Mailbox 18 
36 DLCLLD-ME Event Mailbox 18 
48 Reserved 8 
50 ~=DLC Initialization Parameter Block 14 
5E Reserved 162 


3.1.7 LAYER 2 to LLD Command Mailbox 


This block of RAM is used as the L2-DLC LLD mailbox to 
pass commands from the Layer 2 protocol! to the IDPC 
DLC LLD. This mailbox is primarily used for B-Channel 
data transmissions. The |DPC DLC LLD L2 command input 
handler services the commands passed in this mailbox. 


3.1.8 LLD to LAYER 2 Event Mailbox 


This block of RAM is used as the DLC LLD L2 event mail- 
box to pass event information from the IDPC DLC LLD to 
Layer 2. Mailbox structures are described in Table 5. This 
mailbox is used primarily for receiving B-Channel data. 


3.1.9 MANAGEMENT ENTITY to LLD Command Mail- 
box 


This block of RAM is used as the ME-DLC LLD mailbox to 
pass commands from the Management Entity to the IDPC 
DLC LLD. Commands are passed for IDPC DLC LLD setup 
and initialization. The IDPC DLC LLD ME command input 
handler services the commands passed In this mailbox. 
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3.1.10 LLD to MANAGEMENT ENTITY Event Mailbox 


This block of RAM is used as the DLC LLD-ME mailbox 
which is used to pass event information from the IDPC DLC 
LLD to the management entity. This mailbox is used primar- 
ily to pass IDPC DLC LLD status information back to the 
management routines. 


3.1.11 DLC Initialization Parameter Block 


The data in this block (see Table 4) provides control infor- 
mation for the IDPC DLC module. Default values are loaded 
and installed by the ‘illdinit()’ routine. The user may modify 
the values in the IPB; however, these are not installed until 
the user executes the DLC Init Command. 


The L2 Address Length, L2 Address Select and C/R 
Address Bit Ignore Enable fields are also used by the LLD 
during execution of the Update Address Recognition Com- 
mand. 


Table 4. DLC Initialization Parameter Block Structure 


Size 
Offset Description (Bytes) 
00 Maximum Packet Size 2 


02 L2Address Length 

03 L2Address Select 

04 CRC Check Enable 

05 CRC Pass-Through Enable 
06 CRC Generator Enable 

07 Markor Flag Idle Select 

08 C/RAddress Bit Ignore Enable 
09 B-Channel Select 

OA Invert Enabie 

OB Minimum Packet Size 

OC Transmit FIFO Threshold 
OD Receive FIFO Threshold 


re ee ee 


MAXIMUM PACKET SIZE - Maximum length packet 
(including CRC bytes, if any) that is legal for the Layer 2+ 
protocol in use. 


LAYER 2 ADDRESS LENGTH - Number of bytes in the 
packet address field for the Layer 2+ protocol in use. 


SINGLE ADDRESS BYTE SELECT - Selects which packet 
address byte to compare during address recognition when 
the Layer 2 Address Length is equal to one. Set this 
parameter to 1 for first packet address byte select, 2 for 
second byte select. 


CRC CHECK ENABLE - Set to 1 to enable CRC checking 
during packet reception, 0 for CRC Check Disable. 


CRC PASS ENABLE - Set to 1 for pass CRC bytes to Layer 
2+ as last two bytes of each received packet. Set to 0 to 
disable passing any CRC bytes. 


CRC GENERATE ENABLE - Set to 1 to enable CRC Gener- 
ation during packet transmission, 0 for CRC Generate Dis- 
able. 


MARK !IDLE/FLAG IDLE SELECT - Set to 1 to generate 
mark idle pattern (all 1 bits) when not transmitting a packet, 
0 to generate flag idle pattern. 


IGNORE C/R ADDRESS BIT ENABLE - Set to 1 to ignore 
the C/R bit in the Layer 2 packet address during address 
recognition. Set to 0 to also compare the C/R bit during 
address recognition. 


B-CHANNEL SELECT - Set to a value from 0 to 30 (decimal) 
to select multiplexed B-Channel 0 through 30 respectively. 
Set to 31 (decimal) to select non-multiplexed operation 
(e.g. SNA). 


INVERT ENABLE - Set to 1 to enable inversion of the 
transmitted and received serial bit streams. Set to 0 to dis- 
able inversion. 


MINIMUM PACKET SIZE - Minimum length packet (includ- 
ing CRC bytes, if any) that is legal for the Layer 2+ proto- 
col in use. 


TRANSMIT FIFO THRESHOLD - Set to a value from 0 to 
15 (decimal) to set the fullness threshold (0 to 15 bytes) at 
which the DLC Transmitter requests service from the LLD 
software or DMA for additional bytes to be loaded into the 
transmit FIFO. 


RECEIVE FIFO THRESHOLD - Set to a value 0, 1,2... 
15 (decimal) to set the fullness threshold (32, 2,4... 30 
bytes) at which the DLC Receiver requests service from 
the LLD software or DMA for bytes to be unloaded from 
the receive FIFO. 


3.2 Mailbox Interfaces 


As described earlier, the primary interface to the IDPC 
DLC LLD services is implemented using mailboxes. This 
section describes the procedure for using the mailboxes 
which consist of an 18-byte structure containing the format 
shown in Table 5. 


A mailbox is used to transfer commands and event infor- 
mation between the IDPC DLC LLD and either the L2 
protocols or the ME routines. These routines may be in 
separate tasks or processes when using a multi-tasking 
operating system. This means that the mailboxes must be 
accessible to both the IDPC DLC LLD and L2/ME. ina 
single processor implementation, this is generally no prob- 
lem; however, in a multi-processing system or a system 
with memory-management, the mailboxes must be placed 
in shared-memory. 


Table 5. Mailbox Structure 


Size 
Offset Component (Bytes) 
0 Command/Event Code 1 
1 Receipt Code 1 
2 Parameters 16 


3.2.1 Command/Event Code 


The first byte in a mailbox is the Command/Event Code. 
This byte determines what command is to be performed or 
what event has occurred. Each IDPC DLC LLD primitive is 
assigned a unique Command/Event Code. Table 7 lists the 
IDPC DLC LLD command codes and Table 8 provides a 
summary of the IDPC DLC LLD event codes. 
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3.2.2 Receipt Code 


The second byte in a mailbox is the receipt code. This byte 
indicates to the routine issuing the command that com- 
mand has been received and validated. 


Upon issuing a command/event, the routine places the 
value OxFF into the Receipt Code. The issuing routine 
then monitors the Receipt Code to determine if the com- 
mand/event has been received. A value of ‘00’ indicates 
that the command/event has been received or, for some 
commands, executed. Any other value indicates an error 
condition. 


Table 6. Valid Mailbox Receipt Codes 


Code Description 
00 Command/event received or complete. 
01 ~=— Hlegal command/event. 
02 _~=sIIlegal parameter(s). 
03-FE Reserved. 
FF Command/event not received or complete. 





3.2.3 Parameters 


The last 16 bytes of a mailbox are reserved for param- 
eters. The contents of these bytes are dependent upon the 
actual command or event issued. 


3.3 Command Sequences 


Commands are passed from either the Management 
Entity (ME) or the Layer 2 (L2) protocol to the IDPC DLC 
LLD. Figure 2 shows a typical command sequence. Note 
that the Receipt Code returned by the OPC DLC LLD may 
indicate that the command has simply been received or 
that execution is complete. This depends upon the particu- 
lar command issued. 


Table 7 lists the valid command codes to which the IDPC 
DLC LLD will respond. Each command is described in 
detail in a later section. 


Figure 2. Typical Command Sequence 


2 or ME 


Write an OxFF to the Receipt Code in the command 
mailbox. 


Write the Command Code to the command mailbox. 


Write any command parameters to the command 
mailbox. 


Generate a command interrupt to the IDPC DLC LLD. 


~--» INTERRUPT --— 


* When the Receipt Code in the command mailbox is not 
OxFF, the sequence is complete. 


Read the Command Code from the command mailbox. 


Process the command using the Parameters from the 
command mailbox. 


Write the appropriate Receipt Code to the command 
mailbox. 


Execute a return from interrupt instruction. 
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Table 7. IDPC DLC LLD Command Codes Summary 


Code (Hex) Description MB I/F Module 
00 Transmit a Buffer L2 DLC 
01 Initialize the DLC ME DLC 
02 DLC Control ME DLC 
03 Update Address Recognition ME DLC 
04 Abort the Current Transmit ME DLC 
05 Load a New Event Enables ME DLC 
06 Begin Remote Loopback ME DLC 
07 End Remote Loopback ME DLC 
08 Begin Local Loopback ME DLC 
09 End Local Loopback ME DLC 


3.4 Event Sequences 

Events are messages passed from the DPC DLC LLD back to either the L2 protocol or the ME. Figure 3 shows a typical 
event sequence. Note that the Receipt Code returned by the L2 or ME may indicate that the command has simply been 
received or that some data is available. This depends upon the particular event issued. 


Table 8 lists the valid event codes which the IDPC DLC LLD will generate. Each event is described in detail in a later 
section. 


Figure 3. Typical Event Sequence 
L2 or ME LLD 
Write an OxFF to the Receipt Code in the event mailbox. 
Write the Event Code to the event mailbox. 
Write any event parameters to the event mailbox. 
Call the Event Generator routine for the target mailbox. 
<——— INTERRUPT — —- 
Read the Event Code from the event mailbox. 


Process the event using the Parameters from the event 
mailbox. 


Write the appropriate Receipt Code to the event 
mailbox. 


Execute a return from interrupt instruction. 


When the Receipt Code in the event mailbox is not OxFF, 
the sequence is complete. 


Table 8. IDPC DLC LLD Event Codes Summary 


Code (Hex) Description MB I/F Module 
0 Transmission Complete L2 DLC 
1 Packet Received L2 DLC 
B Error Status ME DLC 
Cc Buffer Allocation Request ME DLC 
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4. PROGRAMMING 


This section describes the command and event primitives used with the IDPC DLC LLD. These primitives are compatible 
with those used by AmLinkTM LAPD/LAPB and those provided by the DSC LLD. 


Each primitive description contains the following information: 


PRIMITIVE CODE: Command or event code for the primitive. 

MAILBOX: Mailbox to be used with this primitive. 

INPUTS: Input parameters for this primitive. These are identified as mailbox parameter bytes 0 to 15. 
OUTPUTS: Output parameters for this primitive. These are identified as mailbox parameter bytes 0 to 15. 
RECEIPT CODES: Possible Receive Codes for this primitive. 

DESCRIPTION: Describes the functions and services provided by this primitive. 

NOTES: Describes any special considerations related to this primitive. 


The command primitives are: 


Commands 

XMITBUF 

DLC_INIT 
DLC_CONTROL 

UPDATE ADDR_RECOG() 
XMIT_ABORT 

LOAD EVENT ENABLES 
BEGIN-REMOTE_LOOP 
END_REMOTE_LOOP 
BEGIN _LOCAL_LOOP 


END_LOCAL_LOOP 


The event primitives are: 
Events 

PACKET RCVD 
XMIT_DONE 

ERROR STATUS 


BUFFER SERVICE 


Description 

Transmit a buffer. 

Initialize the DLC. 

Enable/disable DLC irahaialiieraneletioeeniet 
Update address recognition parameters. 
Abort the current buffer transmission. 

Load event reporting enable/disable bit array. 
Begin remote Loopback. 

End remote Loopback. 


Begin local Loopback. 


End local Loopback. 


Description 


Packet received without error. 
Buffer transmitted without error. 
Avalid address or an end-of address has been received. 


Buffer allocation/deallocation service. 
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41 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.2 PRIMITIVE: 
COMMAND 1 
MAILBOX: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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XMITBUF 

0 

L2 

Buffer Address (parameter bytes 0-3) 

Packet Length (parameter bytes 4-5) 

Buffer Length (parameter bytes 6-7) 

Buffer Reference Number (parameter bytes 8-9) 

None 

00 = Command was received. 

01 = Illegal command. 

02 = Illegal parameter. 

03 = Transmitter busy. 

FF = Command not yet received. 

This primitive initiates a buffer transmission via the IDPC DLC. If the buffer size is larger than the 
packet size, the IDPC DLC LLD will automatically send multiple packets until the entire buffer is 
sent. The buffer size MUST be an integral multiple of the packet size or an illegal parameter receipt 
code will be returned. 

This primitive is equivalent to the PH-DATA request primitive. 

If this primitive is issued while the transmitter is busy from a previously issued, but unfinished, 


XMITBUF, a Transmitter Busy receipt code is returned. The user may re-issue the primitive after 
the current transmission is complete as indicated by an XMITDONE event. 


DLC_INIT 

CODE: 

ME 

None, uses the DLC Initialization Parameter Block (IPB) in the LLD RAM Interface Block. 
None. 

00 = Initialization is complete. 

01 = Illegal command. 

FF = Command not yet complete. 

This primitive places the IDPC DLC into a known state. The primitive installs the DLC IPB 


narameters, disables address recognition, gets a buffer for the DLC receiver, enables 80188/86 
receive DMA Channel 0, and enables all DLC interrupts. 


Am79C401 LLD Reference Guide 


4.3 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.4 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


DLC Control 

0x02 

ME 

DLC Transmitter Enable/Disable (parameter byte 0) Enable = 1; Disable = 0 
DLC Receiver Enable/Disable (parameter byte 1) Enable = 1; Disable = 0 
None 

00 = Command is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 


This primitive allows the user to enable or disable the DLC transmitter and/or receiver. 


UP_ADDR_RECOGNITION 
0x03 
ME 


Parameter byte 0 - Enable (= 1)/Disable (=0) address recognition for the specified Address 
Register Number (parameter byte 1). 


Parameter byte 1 - Address Register Number. Parameter byte 1 = 0, 1, 2, 3 for Address 
Recognition Register 0, 1, 2, or 3. Parameter byte 1 = 4 for Broadcast Address Recognition. 
Parameter bytes 2-3 - Address. Contents to be loaded into the specified address recognition 
register. If single byte addresses are enabled in the DLC IPB, parameter byte 2 contains that 
address regardless of which address byte (1st or 2nd) is enabled. Parameter bytes 2-3 are ignored 
if parameter byte 1 = 4 (Broadcast Address Recognition). 


None 
00 = Command is complete. 


01 = Illegal command. 


i 


02 = Illegal parameter. 
FF = Command not yet complete. 


This primitive allows the DLC address recognition services to be used. Address recognition can be 
used as a bandpass filter, allowing only packets with the specified addresses to be received. 


The IDPC DLC supports up to four programmable addresses plus a fixed Broadcast Address (all 
1's address). 


The DLC IPB contains the following fields which condition address recognition: 
Address length (single byte or two bytes) 
Single byte address select (1st or 2nd) 
Ignore C/R address bit 


See section on DLC !PB for further information. 
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4.5 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 
INPUTS: 
OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.6 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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TRANSMIT ABORT 

4 

ME 

None 

None 

00 = Command is complete. 

01 = Illegal command. 

FF = Command not yet complete. 

This primitive causes any buffer transmission that was previously issued to be aborted. 


Execution of this primitive causes the IDPC DLC LLD to issue an XMITDONE event primitive to the 
Layer 2. 


LOAD_EVENT ENABLES 

5 

ME 

Event Enables. This is an eight byte array. Each bit in the array represents one of 64 events. The 
bit position for a particular event mask corresponds to the event code for the event. AONE ina bit 
position enables the corresponding event to be reported via interrupt to the layer (L2 or ME) 
appropriate for the particular event. A ZERO in a bit position disables that event from being 
reported. For instance, the event mask bit for the “Error Status” event (Event Code OxOB) is 

byte #1, bit #3. 

None. 


00 = Update is complete. 


01 


ll 


Illegal command. 
02 = Illegal parameter. 
FF = Command not yet complete. 


This primitive causes a new event mask to be used by the IDPC DLC LLD. The event mask allows 
event reporting to be individually enabled or disabled. 


Events may still occur even though they are not reported if event reporting is disabled. 
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4.7 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.8 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.9 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


BEGIN_REMOTE_LOOP 

6 

ME 

None 

None 

00 = Command is complete. 


01 


lilegal command. 

FF = Command not yet complete. 

This primitive places the IDPC DLC in Remote Loopback. While Remote Loopback is enabled, all 
received packets will be looped back to the far end transmitter. Received packets will also be 


received by the local DLC if the DLC Receiver is enabied. Any packets transmitted by the local DLC 
Transmitter will not be transmitted but will be thrown in the bit bucket. 


END_REMOTE_LOOP 

, 

ME 

None 

None 

00 = Command is complete. 

01 = Hlegal command. 

FF = Command not yet complete. 


This primitive disables IDPC DLC Remote Loopback. If the Remote Loopback is not enabled, the 
command does nothing. 


BEGIN_LOCAL_LOOP 

8 

ME 

None 

None 

00 = Command is complete. 

01 = Illegal command. 

FF = Command not yet complete. 


This primitive places the IDPC DLC into a Local Loopback mode. In this mode, data transmitted by 
the IDPC DLC is looped back to the IDPC DLC receiver. 
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4.10 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.11 PRIMITIVE: 


EVENT CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.12 PRIMITIVE: 
EVENT CODE: 
MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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END LOCAL LOOP 

9 

ME 

None 

None 

00 = Command is complete. 

01 = Illegal command. 

FF = Command not yet complete. 


This primitive disables IDPC DLC Local Loopback, if enabled. 


XMITDONE 

0 

L2 

None 

None 

00 = Event has been received. 
01 = Illegal event. 

FF = Event not yet recognized. 


This primitive is used to notify the L2 code that the last Transmit Buffer LLD Command issued has 
been completed and the IDPC DLC transmitter is ready to transmit another buffer. 


This event is issued both when normal buffer transmission is finished, when the Transmit Underrun 
event occurs or when the Transmit Abort command is executed. 


PACKET RCVD 
, 
L2 


Buffer Address (parameter bytes 0-3) 
Packet Length (parameter bytes 4-5) 
Buffer Reference Number (parameter bytes 6-7) 


None 


| 


0O = Event has been received. 


01 = Illegal command. 


02 = Illegal parameter. FF = Event not yet received. 
This primitive is used to notify the L2 code that a packet has been successfully received. 
The user should acknowledge this primitive with as little delay as possible. This routine will request 


a new receiver buffer immediately after the event is acknowledged. If acknowledgment is delayed 
too long, a receiver overrun error may occur. 


Am79C401 LLD Reference Guide 


4.13 PRIMITIVE: 


EVENT CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


4.14 PRIMITIVE: 


COMMAND CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 


ERROR STATUS 
0x0B 
ME 
None 
Parameter byte 0 - 
Bit O - Receiver abort condition. 
1 - Receiver non-integer # of bytes. 
2 - Reserved. 
3 - Receiver CRC error. 
4 - Receiver Long Packet error. 
5 - Receiver Short Packet error. 
6 - Receiver overrun error. 
7 - Transmitter Underrun error. 
00 = Event has been received. 
01 = Illegal event. 


FF = Event not yet received. 


This primitive is used to notify the ME that one or more DLC error or exceptional conditions has 
occurred. 


All of the receiver error/exceptions are mutually exclusive for the IDPC DLC receiver. In other 
words, only one of bits 0-6 of parameter byte 0 may be set in any single occurrence of this event. 
However, the Transmitter Underrun error bit may be set simultaneously with one of the receive 
error/exception bits. 

When one of the received error/exception conditions occurs, Layer 2 is not notified. If the 
Transmitter Underrun condition occurs, a Transmit Done event to Layer 2 is executed in addition to 
the Error Status event. 


The Non-Integer Number of Bytes condition indicates that the last byte of a received packet 
contains less than 8 bits. 


The Long Packet error occurs when the number of bytes in a received packet exceeds the 
Maximum Packet Size field of the DLC IPB. 


The Short Packet error occurs when the number of bytes in a received packet is less than the 
Minimum Packet Size field of the DLC IPB. 

IDPC DLC LLD Initialization 

Not Applicable 

Not Applicable 

None, uses Configuration Table information. 

None 

00 = Initialization is complete. 

This routine ‘illdinit()’ is used to initialize the IDPC DLC Initialization Parameter Block (IPB) and 
IDPC DLC LLD Private RAM area. This routine must be called prior to using any IDPC DLC LLD 
mailbox services. Normally, the routine should be part of the system POR initialization sequence. 
The user should issue the DLC INIT command primitive to install the DLC IPB into the IDPC DLC 
hardware. The user may modify the IPB fields prior to issuing the DLC Init command. 


Once the DLC Init command has been executed, the DLC CONTROL command must be executed 
to enable the IDPC transmitter and receiver. 
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415 PRIMITIVE: 


EVENT CODE: 


MAILBOX: 


INPUTS: 


OUTPUTS: 


RECEIPT CODES: 


DESCRIPTION: 


NOTES: 
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BUFF_SERVICE 

0x0C 

ME 

MODE (parameter byte 0) - A ZERO indicates that an allocation is requested. 

SIZE (parameter byte 1 and 2) - The size in bytes of the buffer requested. 

ADDR (parameter bytes 3-6) - Contains the base address of the buffer requested. 

REFNO (parameter byte 7-8) - Contains the reference number of the buffer provided. 

00 = Initialization is complete. 

01 = Illegal command. 

02 = Illegal parameter. 

FF = Command not yet complete. 

This primitive is used to request that a buffer be allocated to the IDPC DLC LLD. This primitive is 
used to obtain a buffer for the DLC receiver. The deallocate option is not used by the IDPC DLC 
LLD. The REFNO is an arbitrary integer associated with the buffer by the ME when the buffer is 


allocated. 


The ME must be able to supply a buffer of at least the size programmed in the Maximum Packet 
Size field in the IDPC DLC Initialization Parameter Block. 
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IOM-2-DSLAC Specification Devices 
DISTINCTIVE CHARACTERISTICS 
™ Performs all the functions of a SLAC™ = Adaptive B filter 
= Two independent channels M 2.048 or 4.096 MHz Master Clock 
m Low power CMOS @ Analog output will drive transformer SLICs 
@ SLIC clock output een 

= Control and voice PCM combined on single 
= A-law or mu-law coding IOM-2 highway 
™ External hardware reset ™ Some ofthe SLIC inputs are de-bounced with 
™ Extended programmable filters addressable timers 
H Analog Impedance Scaling Network (AISN) —@ interface directly to Am795X or Am79M5X 

serles SLICS 
= |IOM-2™ interface operation up to 8.192 MHz 
= Compatible with 1.544 and 2.048 MHz primary 
rate interfaces 

SYSTEM ARCHITECTURE 











Ne 
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lIOM-2 
DSLAC 


Figure 1. Shows the basic architecture of a Line Card based on the IOM-2-DSLAC™ 


This document contains information on a product under development at Advanced Micro 
Devices, Inc. The information is intended to help you to evaluate this product. AMD reserves the 
right to change or discontinue work on this proposed product without notice. 


GENERAL DESCRIPTION 


The IOM-2-DSLAC is designed to be used in Tele- 
communication Line Cards for both PBX and Central 
Office telephone exchanges. It converts the analog 
signal from the subscriber to digital PCM encoded 
signals for transmission on the IOM-2 highway and 
converts a PCM encoded signal received from the 
|OM-2 highway to an analog signal to be sent to the sub- 
scriber. When used with two SLICs, the IOM-2-DSLAC 
provides a complete, software configurable solution to 
the BORSCHT function. 


The IOM-2-DSLAC is a variation of the Am79C02/A 
DSLAC wherein the Microprocessor Interface (MPI) and 


INTRODUCTORY DESCRIPTION 


The !IOM-2-DSLAC performs the CODEC and filter 
functions associated with the four-wire section of the 
subscriber line circuitry in a digital switch. These func- 
tions involve converting an analog voice signal into digi- 
tal PCM samples and converting digital PCM samples 


back into an analog signal. During conversion, digital fil- — 


ters are used to band-limit the voice signals. 


User programmable filters are provided to allow the set- 
ting of the receive and transmit gains, perform a trans- 
hybrid balancing function, allow adjustment of the twe- 
wire termination impedance and provide frequency at- 
tenuation adjustment of the receive and transmit paths. 


the Time Slot Assigner (TSA) have been modified to 
connect to the ISDN Oriented Modular 2 (1OM-2) inter- 
face. Additionally, the I/O lines used to control an exter- 
nal SLIC have been changed from the original DSLAC. 


For details about filter transfer functions and audio per- 
formance specifications, please refer to the AM79C02/A 
Preliminary Data Sheet (order #09875). 


The PCM codes can be either 8-bit companded A-law or 
mu-law. 


The independent channels appear as if the 
IOM-2-DSLAC contains two SLACs. All of the digital fil- 
tering is performed in digital signal processors operating 
from a 2.048 or 4.096 MHz external clock. The A/D, D/A 
and signal processing is separate for each channel. 


The IOM-2-DSLAC is implemented in CMOS. This en- 
sures low power dissapation and the higher speed nec- 
essary for implementing all the filters in the digital signal 
processors. 


MANDATORY PERFORMANCE REQUIREMENTS 


The IOM-2-DSLAC will be able to perform within the re- 
quirements of many differing worldwide specifications. 
Each country, throughout the world, generally has its 
own specification. Also there may be more than one 
specification within a country. 


A performance specification for the IOM-2-DSLAC is 
described in the Am79C02/A Preliminary Data Sheet. 
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Dual Subscriber Line Audio-Processing Circuit (DSLAC™) 


DISTINCTIVE CHARACTERISTICS 


Software programmable: 
—SLIC impedance 
—Trans-hybrid balance 
—Transmit and Receive gains 
—Equalization 

—Digital I/O pins 

—Time Slot Assigner 


Adapt and freeze or fixed trans-hybrid balance 
filter (Am79CO2 and Am79C02A) 


Continuously adapting trans-hybrid balance 
filter (Am79CO2A only) 


A-law or p-law coding 


BLOCK DIAGRAM 





Signal Processing 
Channel 1 (CH 1) 


Signal Processing 
Channel 2 (CH 2) 
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Am79C02 Dual SLAC 
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Dual PCM ports 
—Up to 8.192 MHz (128 channels per port) through 
the PCM interface 


2.048 MHz or 4.096 MHz master clock 
Direct Transformer Drive 

Built-in test modes 

Low power CMOS 


Mixed mode (analog and digital) impedance 
scaling 


Performance characteristics guaranteed over 
12 dB gain range | 






PCM 
Highway 
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PCLK 
Microprocessor RST 
Interface 
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GENERAL DESCRIPTION 


The Am79C02/A Dual Subscriber Line Audio-Process- 
ing Circuit (DSLAC) integrates the key functions of 
an analog linecard into one programmable, high- 
performance dual CODEC-filter device. The DSLAC is 
based on the proven design of the reliable Am7901A 
Subscriber Line Audio-Processing Circuit (SLAC™). 
The advanced architecture of the DSLAC implements 
two independent channels and employs digital filters to 
allow software control of transmission, thus providing a 


cost-effective solution for the four-wire-to-PCM section 
of a linecard. 


Advanced CMOS technology makes the Am79C02/A 
DSLAC an economical device that has both the function- 
ality and the low power consumption needed by linecard 
designers to maximize linecard density at minimum cost. 
When used with two SLICs, the DSLAC provides a com- 
plete, software-configurable solution to the BORSCHT 
function. 
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CONNECTION DIAGRAMS 
Top View 


40-Pin DIP 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 


AM79C02 A D Cc 


| emer d. TEMPERATURE RANGE 


C = Commercial (0°C to 70°C, 
Relative Humidity = 15% to 85%) 
** | = Industrial (-40°C to 85°C, 
Relative Humidity = 5% to 95%) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 


b. Device Options 
Blank = Standard Device 
A = Continuous Trans-Hybrid Filter 


Adaption Mode 
a. DEVICE NUMBER/DESCRIPTION 


Am79C02 
Dual Subscriber Line Audio-Processing Circuit (DSLAC) 


Valid Combinations 


AM79C02 ADC APC AJC 
ADI API AJi 
DC PC JC 
DI Pl Ji 














Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 
leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 


“*The performance specifications contained in this Data Sheet are valid for the commercial temperature range device only. 
The specifications for the industrial temperature range device will be released after full characterization. 
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PIN DESCRIPTION 


C11-C51, C12—C52 
SLIC Input/Outputs (Input/Output) 


The five SLIC control lines per channel are TTL compat- 
ible and bidirectional. They can be used to monitor or 
control the operation of a SLIC or any other device asso- 
ciated with the subscriber line. Lines C11—C51 are asso- 
ciated with Channel 1, and lines C12—C52 are associ- 
ated with Channel 2.. The C51 and C52 lines are only 
available on the 44-pin PLCC version of the DSLAC. 


CHCLK 
SLIC Clock (Output) 


This output provides a 256-kHz, 50-duty cycle, TTL- 
compatible clock for use by two SLICs. The CHCLK fre- 
quency is synchronous to MCLK but the phase relation- 
ship to MCLK is random. CHCLK is capable of driving 
two TTL inputs. 


CS:, CS2 
Chip Selects (Input, Active LOW) 


The Chip Select inputs enable the device to read or write 
control data. CS: is for the Channel 1 microprocessor 
interface, and CS2 is for the Channel 2 microprocessor 
interface. 


DCLK 
Data Clock (input) 


The Data Clock input shifts data either into or out of the 
Microprocessor Interface of the DSLAC. The maximum 
clock rate is 4.096 MHz. 


Din 
Data Input (Input) 


Control data is serially written into the DSLAC via the Din 
pin with the most significant bit first. The Data Clock de- 
termines the data rate. Din and Dout may be strapped 
together to reduce the number of connections to the 
microprocessor. 


Dout 
Data Output (Output) 


Control data is serially read out of the DSLAC via the 
Dour pin with the most significant bit first. The Data Clock 
determines the data rate. Dour is high impedance except 
when data is being transmitted from the DSLAC under 
control of CS: or CSz . Din and Dour may be strapped 
together to reduce the number of connections to the 
microprocessor. 


DRA, DRB 
PCM Inputs (input) 


The Receive PCM data for Channels 1 and 2 is serially 
received on either the DRA or the DRB port with port se- 
lection under user program control. Eight bits are re- 
ceived with the most significant bit first. Data for each 
channel is received in 8-bit bursts every 125 us at the 
PCLK rate. 


DXA, DXB 

PCM Outputs (Output) 

The Transmit PCM data from Channels 1 and 2 is sent 
serially through either the DXA or DXB port with port se- 
lection under user program control. Eight bits are trans- 
mitted with the most significant bit first. The output is 
available every 125 ps and the data is shifted out in 8-bit 
bursts at the PCLK rate. DXA and DXB are high imped- 
ance between bursts and while the device is in the Inac- 
tive mode. 


FS 

Frame Sync (Input) 

The Frame Sync pulse is an 8-kHz signal that identifies 
the beginning of a frame. The DSLAC references individ- 
ual time slots with respect to this input, which must be 
synchronized to PCLK. 


MCLK 

Master Clock (Input) 

The Master Clock must be a 2.048-MHz or 4.096-MHz 
clock input for use by the digital signal processor. MCLK 
may be asynchronous to PCLK. 


PCLK 

PCM Clock (Input) 

The PCM clock determines the rate at which PCM data is 
serially shifted into or out of the PCM ports. The maxi- 
mum clock frequency is 8.192 MHz and the minimum 
clock frequency is 128 kHz. The PCLK clock may be 
asynchronous to MCLK. 


RST 
Reset (Input, Active LOW) 


A TTL LOW signal on this input resets the DSLAC to its 
default state. 


TSCA, TSCB 

Time Slot Control (Output, Open Drain, Active LOW) 
The Time Slot Control outputs are open drain (requiring 
pull-up resistors) and are normally inactive (high imped- 
ance). TSCA is active (LOW) when PCM data is present 
onthe DXA output and TSCB is active (LOW) when PCM 
data is present on the DXB output. 


Vina, Vina 

Analog Inputs (Input) 

The analog input is applied to the transmit path of the 
DSLAC. The signal is sampled, digitally processed and 
encoded for the PCM output. Vin: is the input for Chan- 
nel 1 and Vinz is the input for Channel 2. 


Vout1, Vout2 
Analog Outputs (Output) 


The received PCM data is digitally processed and con- 
verted to an analog signal at the Vout pin. Vout: is the out- 
put from Channel 1 and Vourz is the output for Channel 2. 
These outputs can directly drive a transformer SLIC. 
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AGND: Analog Ground—Channel 1 Veep +5 V PCM I/O Power Supply. Internally 

AGND2 Analog Ground—Channel 2 connected to substrate on the IC 

DGND: Digital Ground 1 Vee1 —5 V Power Supply—Channel 1 

DGND2 Digital Ground 2 Vee2 —5 V Power Supply—Channel 2 

PGND PCM I/O Ground : 

Vern: +5 V Analog Power Supply—Channel 1 The many separate power supply inputs are intended to 

VWecae +5 V Analog Power Supply—Channel 2 provide for good power supply decoupling techniques. 

Vecn: +5 V Digital Power Supply. Internally con- Note that all of the +5 volt inputs should be connected to 
nected to substrate on the IC the same source, all of the ground inputs should be con- 

Vecpe2 +5 V Digital Power Supply. Internally con- nected to the same source, and both of the —5 volt inputs 
nected to substrate on the IC should be connected to the same source. 
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FUNCTIONAL DESCRIPTION 


The DSLAC performs the CODEC andfilter functions as- 
sociated with the four-wire section of the subscriber line 
circuitry in a digital switch. These functions involve con- 
verting an analog voice signal into digital PCM samples 
and converting digital PCM samples back into an analog 
signal. During conversion, digital fitters are used to band- 
limit the voice signals. 


The user-programmable filters set the receive and trans- 
mit gain, perform the trans-hybrid balancing function, 
permit adjustment of the two-wire termination imped- 
ance, and provide frequency attenuation adjustment 
(equalization) of the receive and transmit paths. Adap- 
tive trans-hybrid balancing is also included. All program- 
mable digital filter coefficients can be calculated using 
the AMSLAC-II software. The PCM codes can be either 
8-bit companded A-law or p-law. The PCM data is read 
or written to the PCM highway in user-programmable 
time slots at rates of 128 kHz to 8.192 MHz. The output 
hold time can be adjusted for compatibility with other 
devices which can be connected to the PCM highway. 


The independent channels allow the DSLAC to function 
as two SLACs. All of the digital filtering is performed in 
digital signal processors operating from either a 
2.048-MHz or 4.096-MHz external clock. The A/D, D/A, 
and signal processing is separate for each channel and 
each channel has its own chip select (CS: and CSz ) to 
allow separate programming. The dual channel DSLAC 
is available in a 40-pin DIP or a 44-pin PLCC, with the 
PLCC version having one extra SLIC I/O line per 
channel. 


The following documentation describes the operation of 
a single channel of the DSLAC. The description is valid 
for either Channels 1 or 2. Vin in this data sheet refers to 
either Vini or Vina, Vout refers to either Vout: or Voute, and 
CS refers to either CS: or CSe . 


Operational Modes 
Active Mode 


Each channel of the DSLAC can operate in either the ac- 
tive (operational) or inactive (standby) mode. In the ac- 
tive mode, the DSLAC is able to transmit and receive 
PCM and analog information. This is the normal operat- 
ing mode when a telephone call is in progress. The Acti- 
vate command, Microprocessor Interface (MPI) Com- 
mand #5, puts the device into this state. Bringing the 
DSLAC into the active mode is only possible through the 
MPI. 


Inactive Mode 


The DSLAC is forced into the inactive (standby) mode by 
a hardware or software reset, or is programmed into this 
mode by the Inactivate command (Command #1). No 


transmission or reception of PCM data takes place, but 
the circuits which contain programmed information 
retain their data. Power is switched off from all non- 
essential circuitry, though the MPI remains active to re- 
ceive new commands. The analog output is tied to 
ground through approximately 3 kohm resistors. Upon 
initial application of power, the DSLAC is forced into the 
inactive mode. 


Reset State 


An active LOW, hardware Reset pin (RST) is available on 
the DSLAC which resets the device to the following de- 
fault state: 


1. A-law is selected. 
2. B, X, R and Z filters are disabled and AISN gain is 
zero. 
3. Transmit (GX & AX) and receive (GR & AR) gains 
are set to unity. 
4. SLIC input/output direction is set to the input 
mode. 
5. Normal conditions are selected (see Command 
#4). 
6. The B-filter adaptive mode is turned off. 
7. Both channels are placed in the Inactive (standby) 
mode. 
8. Transmit and receive time and clock slots are set 
to zero. 
9. DXA/DRA ports are selected for Channel 1. 
10. DXB/DRB ports are selected for Channel 2. 
11. MCLK is selected to be 4.096 MHz. 


Reset states 1 to 7 are identical to those of the software 
reset (Command #2), but the hardware reset applies to 
both channels simultaneously. When power is initially 
applied to the DSLAC or when RST is asserted, the fol- 
lowing sequence of actions is necessary to ensure Cor- 
rect operation of the DSLAC: 


1. Select MCLK frequency (Command # 6). 

2. Software reset (Command # 2). 

3. Program filter coefficients and all other required 
parameters. 


Upon initial application of power, a minimum of 1 msec is 
needed before CS: or CSe may go LOW and an MPI 
command initiated. If the power supply (Vcco: or Vccoe) 
falls below approximately 2.0 volts, the device is soft- 
ware-reset and will require complete reprogramming 
with the above sequence. Bit 7 of the SLIC Direction 
Register will read back as a logical 1 to indicate that a 
power interruption has been detected. This bit is cleared 
when a software reset command is sent to the DSLAC. 
The RST pin may be tied to +5 volts if it is not needed in 
the system. 
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Signal Processing 
Overview of Digital Filters 


Several of the blocks in the signal processing section are 
user programmable. These allow the user to optimize the 
performance of the DSLAC for the system. Figure 1 
shows DSLAC signal processing and indicates the 
blocks that can be programmed. 


The advantages of digital filters are: 
—High reliability 

—No drift with time or temperature 
—Unit-to-unit repeatability 

—Superior transmission performance 


Two-Wire Impedance Matching 


Two feedback paths on the DSLAC modify the effective 
two-wire input impedance of the SLIC by providing pro- 
grammable feedback from Vin to Vout. The Analog Im- 
pedance Scaling Network (AISN) is a programmable 
analog gain of 0.9375 to +0.9375 from Vin to Vout. The Z 
filter is a programmable digital filter, also connecting Vin 
to Vout. 


Distortion Correction and Equalization 


The DSLAC contains programmable filters in the receive 
(R) and transmit (X) directions that may be programmed 
for line equalization and to correct any attenuation distor- 
tion caused by the Z filter. 


Trans-Hybrid Balancing 


The DSLAC programmable B filter provides trans-hybrid 
balance. The filter has a single-pole IIR section (B-IIR) 
and an eight-tap FIR section (B-FIR), both operating at 
16 KHz. The DSLAC has an optional adaptive mode for 
the B filter which may be used to achieve optimum per- 
formance. The Echo Path Gain (EPG) and Error Level 
Threshold (ELT) registers contain values which deter- 
mine the adaptive mode performance. 


Gain Adjustment 


The DSLAC transmit path has two programmable gain 
blocks. Gain block AX is an analog gain of 0 dB or 6.02 
dB, located immediately before the A/D converter. Gain 


Decimator 
& HPF1 








interpolator 


Programmable block 


Decimator 


interpolator 


block GX is a digital gain that is programmable from 0 dB 
to 12 dB with a minimum step size of .1 GB if the gain set- 
ting is below +10 dB, anda minimum step size of .3 dB for 
gain settings above +10 dB (0 dBm0 is defined as 1.55 
VRMS at Vin). The filters provide a net gain in the range 
of 0 dB to 18 GB. 


The DSLAC receive path has two programmable loss 
blocks. Loss block GR is a digital loss that is programma- 
ble from 0 dB to 12 dB with a worst case step size of 0.1 
dB (0 dBm0 is defined as 1.55 VRMS at Vout). Loss block 
AR is an analog loss of 0 dB or 6.02 dB, located immedi- 
ately after the D/A converter. This provides a net loss in 
the range of 0 dB to 18 dB. 


Transmit Signal Processing 


In the transmit path, the analog input signal is A/D con- 
verted, filtered, companded (A- or p-law), and made 
available for output to the PCM highway. The signal 
processor contains an ALU, RAM, ROM, and control 
logic to implement the filter sections. The B, X, and GX 
blocks are user-programmable digital filter sections with 
coefficients stored in the coefficient RAM while AX is an 
analog amplifier which can be programmed for 0 dB or 
6.02 dB gain. The filters may be made transparent when 
not required in a system. 


The decimator reduces the high input sampling rate to 16 
kHz for input to the B, GX, and X filters. The X filter is a 
6-tap FIR section which is part of the frequency response 
correction network. The B filter operates on samples 
from the receive signal path in order to provide trans-hy- 
brid balancing in the loop. The high-pass filter rejects low 
frequencies such as 50 or 60 Hz and may be disabled. 


Transmit PCM Interface 


The transmit PCM interface receives an 8-bit com- 
pressed code from the digital A/u-law compressor. The 
transmit PCM interface logic (Figure 2) controls the 
transmission of the data onto the PCM highway through 
the output port selection circuitry and the time and clock 
slot control block. 
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Figure 1. DSLAC Signal Processing 
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Figure 2. Transmit PCM Interface 


The frame sync (FS) pulse identifies the beginning of a 
transmit frame and all channels (time slots) are refer- 
enced to it. The logic contains user-programmable 
Transmit Time Slot and Transmit Clock Slot registers. 


The Time Slot register is 7 bits wide and allows up to 128 
8-bit channels (using a PCLK of 8.192 MHz) in each 
frame. This feature allows any clock frequency between 
128 kHz and 8.192 MHz (2 to 128 channels) ina system. 
The Clock Slot register is 3 bits wide and may be pro- 
grammed to offset the time slot assignment by 0 to 7 
PCLK periods to eliminate any clock skew in the system. 
The data is transmitted in bytes with the most significant 
bit first. 


The PCM data may be user-programmed for output onto 
either the DXA or DXB port. Correspondingly, either 
TSCA or TSCB is LOW during transmission. An extra de- 
lay (PCM delay) in the timing of the DXA and DXB signals 
may be programmed to allow timing compatibility with 
other devices on the PCM highway. 


Receive Signal Processing 


In the receive path, the digital signal is expanded, fil- 
tered, converted to analog, and passed to the Vout pin. 
The signal processor contains an ALU, RAM, ROM, and 
Control logic to implement the filter sections. The Z, R, 












To 
Receive Input 
Signal : 
Processor Register 
FS 
Time Slot 
PLCK © Control 


and GR blocks are user-programmable filter sections 
with their coefficients stored in the coefficient RAM while 
AR is an analog amplifier which can be programmed fora 
0-dB or 6.02-dB loss. The filters may be made transpar- 
ent when not required in a system. 


The low-pass filter band limits the signal. The R filter is a 
6-tap FIR section operating at a 16-kHz sampling rate 
and is part of the frequency response correction network. 
The analog impedance scaling network (AISN) is a user- 
programmable gain block providing feedback from Vin to 
Vout to emulate different ZSLIC impedances from a sin- 
gle external ZSLIC impedance. The Z filter provides 
feedback from the transmit signal path to the receive 
path and is used to modify the effective input impedance 
to the system. The interpolator increases the sampling 
rate prior to D/A conversion. 


Receive PCM interface 


The receive PCM interface logic (Figure 3) controls the 
reception of data bytes from the PCM highway, transfers 
the data to the A/p-law expansion logic, and then passes 
the data to the receive path of the signal processor. The 
frame sync (FS) pulse identifies the beginning of a 
receive frame, and all channels (time slots) are refer- 
enced to it. 
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Figure 3. Receive PCM Interface 
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The logic contains user-programmable Receive Time 
Slot and Receive Clock Slot registers. The Time Slot reg- 
ister is 7 bits wide and allows up to 128 8-bit channels 
(using a PCLK of 8.192 MHz) in each frame. This feature 
allows any clock frequency between 128 kHz and 8.192 
MHz (2 to 128 channels) ina system. The Clock Slot reg- 
ister is 3 bits wide and may be programmed to offset the 
time slot assignment by 0 to 7 PCLK periods to eliminate 
any clock skews in the system. The PCM data may be 
user-programmed for input from either the DRA or DRB 


port. 
Analog Impedance Scaling Network (AISN) 


The AISN is incorporated in the DSLAC to scale the 
value of the external Zsuic impedance. Scaling this exter- 
nal impedance with the AISN (along with the Z filter) al- 
lows matching of many different line conditions using a 
single impedance value. Line cards may be designed for 
many different specifications without any hardware 
changes. 


The AISN is a programmable gain that is connected 
- across the DSLAC input from Vin to Vout. The gaincanbe 
varied from —0.9375 to +0.9375 in 31 steps of 0.0625. 
The AISN gain is given by the following equation: 

haisn = 0.0625 [(A e 24 +B e 2°+Ce 2? 


+De2'+E« 2° — 16] 
where A, B, C, D, and E = 1 or 0. 


The AISN gain is used to determine the input impedance 
of the DSLAC when terminated by Zsiic as shown in 
Figure 4. 


The DSLAC input impedance is approximately given by: 


1 — Gas haisn 
ZN = ———————_ Zs, 
. 1 — Gaso haisn = 


where Guso (defined as Gas Gaz + Gas) is the echo gain into 
an open circuit and Gas is the echo gain into a short 
Circuit. 

There are two special cases to the formula for haisn. A 
value of ABCDE = “00000” will specify a gain of 0 (or cut- 
off), and a value of ABCDE = “10000” is a special case 
where the AISN circuitry is disabled and the Vout pad is 
connected internally to Vin with a gain of 0 dB. This allows 
a digital-to-digital loopback mode wherein a digital PCM 
input signal is completely processed through the receive 
section all the way to the Vout pin, then connected inter- 
nally to Vin where it is processed through the transmit 
section and output as digital PCM data. 


Speech Coding 


The A/D and D/A conversion follows either the A-law or 
the p1-law as they are defined in CCITT rec. G.711. A- or 
u-law operation is programmed using MPI Command 
#19. Alternate bit inversion is performed as part of the A- 
law coding. 













To A/D Converter 


From D/A Converter 


09875-008C 


Figure 4. Input Impedance Modification Due to AISN 
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Command Description and Formats 
Microprocessor interface Description 


A microprocessor may be used to program the DSLAC 
and control its operation using the Microprocessor Inter- 
face (MPI). Data programmed previously may be read 
out for verification. For each channel, commands are 
provided to assign values to the following parameters: 
—Transmit time slot 

—Receive time slot 

—Transmit clock slot 

—Receive clock slot 

—Transmit gain 

—Receive loss 

~B-filter coefficients 

—X-filter coefficients 

—R-filter coefficients 

—Z-filter coefficients 

—Adaptive B filter parameters 

~AISN coefficient 

~Read/Write SLIC Input/Output 

—Select A-law or p-law code 

—Select Transmit PCM Port A or B 

—Select Receive PCM Port AorB 

—Enable/disable B filter 

—Enable/disable Z filter 

—Enable/disable X filter 

~Enable/disable R filter 

—Enable/disable Gx filter 

—Enable/disable GR filter 

—Enable/disable AX amplifier 

—Enable/disable AR amplifier 

—Enable/disable adaptive B filter 

—Select test modes 

—Select active or inactive (standby) mode 


The following description of the MPI is valid for either 
Channel 1 or 2. Whenever CS is specified, it refers to 
eitherCS: or C82. if desired, both channels may be pro- 
grammed simultaneously with identical information by 
activating CS: and CS2 at the same time. 


The MPI consists of serial data input (Dw), output (Dour), 
data clock (DCLK), and a separate chip select (CS: and 


CSz ) input for each channel (Figure 5). The serial input 


consists of 8-bit command words which may be followed 
with additional bytes of input data or may be followed by 
the DSLAC sending out bytes of data. All data input and 
output is MSB (Dz) first and LSB (Do) last. All data bytes 
are read or written one at atime, with CS going HIGH for 
at least the minimum off-period before the next byte is 
read or written. 


Allcommands that require additional input data to the de- 
vice must have the input data as the next N words written 
into the device (for example, framed by the next N transi- 
tions of CS). All commands that are followed by output 
data will cause the device to output data for the next N 
transitions of CS going LOW. The DSLAC will not accept 
any input commands until all the data has been shifted 
out. Unused bits in the data bytes are read out as zeros. 


CS CS 
Off—Period 


1 2 3 4 = #«5 


6 


© 


7 1 2 3 


Three- | | ! 


i] 
i} i] 
Pour == CORBOGHO! CX A) 





WO XX OOOOO CK XO 





Figure 5. Microprocessor Interface Timing Diagram 
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An MPI cycle is defined by transitions of CS and DCLK. If 
the CS lines are held in the HIGH state between ac- 
cesses, the DCLK may run continuously with no change 
to the internal control data. Using this method, the same 
DCLK may be run to a number of DSLACs and the indi- 
vidual CS lines will select the appropriate device to 


Summary of MP! Commands** 


C# Hex D7 D6 D5 D4 D3 D2 Ot 
1. 00 0 0 0 860 0 0 0 
2. 02 0 0 0 O 0 0 1 
3. 06 0 0 0 0 0 1 1 
4. 08 0 0 0 0 1 0 0 
5. OE 0 0 0 0 1 1 1 
6. 2 0 0 0 1 0 0 
i; 40 0 1 0 0 0 0 0 
8. 41 0 1 0 O 0 0 0 
9. 42 0 1 0 O 0 0 1 

10 43 0 1 0 O 0 0 1 

11 44 0 1 0 O 0 1 0 

12 45 0 1 0 0 0 1 0 

13 50 0 1 0 1 0 0 0 

14 51 0 1 0 1 0 0 0 

15 52 0 1 0 1 0 0 1 

16 53 0 1 0 1 0 0 1 

17 54 0 1 0 1 0 1 0 

18 55 0 1 0 1 0 1 0 

19. 60 0 1 1 0 0 0 0 

20. 61 0 1 1 0 0 0 0 

21. 70 0 1 1 1 0 0 0 

22. 71 0 1 1 1 0- 0 0 

23 73 0 1 1 #1 0 0 1 

24. 80 1 0 0 O 0 0 0 

25. 81 1 0 0 0 0 0 0 

26 82 1 0 0 0 0 0 1 

27 83 1 0 0 0 0 0 1 

28 84 1 0 0 0 0 1 0 

29 85 1 0 0 0 0 1 0 

30 86 1 0 0 0 0 1 1 

31 87 1 0 0 60 0 1 1 
2 88 1 6 6.6 (0 1 0 0 

33 89 1 0 0 #60 1 0 0 

34 8A 1 0 0 0 1 0 1 

35 8B 1 0 0 0 1 0 1 

36 8C 1 0 0 0 1 1 0 

37 8D 1 0 0 0 1 1 0 

38 8E 1 0 0 0 1 1 1 

39 8F 1 0 0 0 1 1 1 


*Code changes with function. 


access. It should be noted that the DCLK can stay in the 
HIGH state indefinitely with no loss of internal control 
information regardless of any transitions on the CS lines. 
DCLK can stay in the LOW state indefinitely with no loss 
of internal control information, provided the CS lines re- 
main at a HIGH level. 


0 
Oo 


Description 


Inactivate (standby mode) 
Reset 

No Operation 

Reset to Normal Conditions 
Activate 


MCLK Selection 

Write TX Time Slot & PCM Highway 
Read TX Time Slot & PCM Highway 
Write RX Time Slot & PCM Highway 
Read RX Time Slot & PCM Highway 


“~O-OO ooo°o oe 


Write RX & TX Clock Slot Selection 
Read RX & TX Clock Slot Selection 
Write AISN, PCM delay, Analog gains 
Read AISN, PCM delay, Analog gains 
Write SLIC Input/Output register 


o-oo 


Read SLIC Input/Output register 

Write SLIC Input/Output direction 

Read SLIC I/O direction and Power Down bit 
Write Operating Functions 

Read Operating Functions 


wah CaO — 


Write Operating Conditions 
Read Operating Conditions 
Read Revision Code Number 
Write GX Filter Coefficients 
Read GX Filter Coefficients 


=O ~© 


Write GR Filter Coefficients 
Read GR Filter Coefficients 
Write Z Filter Coefficients 
Read Z Filter Coefficients 
Write B Filter Coefficients 


o-oo 


Read B Filter Coefficients 
Wiite X Filter Coefficients 
Read X Filter Coefficients 
Write R Filter Coefficients 
Read R Filter Coefficients 


“~O-0O-—8 


Write Echo Path Gain 
Read Echo Path Gain 
Write Error Level Threshold 
Read Error Level Threshold 


~O-30 


**All codes not listed are reserved by AMD and should not be used. 
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THE COMMAND STRUCTURE 


This section describes in detail each of the MPI com- _ of the filter coefficients of the form Cxymy, please refer to 
mands. Each of the commands is shown along withthe __ the “Description of Coefficients” section. 
format of any additional data byies that foiiow. For details 


1. Inactivate (standby mode) 


| 07 | pe | os | o4 | os | ba | ot | do | 
FEN a DD 


During the inactive mode (of one or both channels): 
a) all of the programmed information is retained. 
b) the Microprocessor Interface (MPI) remains active. 
c) the PCM outputs are in high impedance and the PCM inputs are disabled. 
d) the analog output is tied to zero volts through an internal resistor (~3 kohm). 


2. Reset 


BE 
N 


The reset state of the device is: 
a) A-law is selected. 
b) B, X, R, and Z filters are disabled and AISN gain is zero. 
c) transmit (GX & AX) and Receive (GR & AR) gains are set to unity. 
d) all SLIC I/O lines are configured as inputs. 
e) normal conditions are selected (see Command #4). 
f) the B-filter Adaptive mode is reset. 
g) the channel is placed in the inactive (standby) mode. 


3. No Operation 


4. Reset to Normal Conditions 


Reset to Normal Conditions performs the following operations: 
a) does not insert 6 GB loss in receive path. 
b) receive & transmit paths are not cutoff. 
c) high pass filter is enabled. 
d) test modes are turned off. 
e) PCM delay is inserted. 


5. Activate (Operational Mode) 


This command places the device in the active mode. No valid PCM data is transmitted until after the second 
FS pulse is received foliowing the execution of the Activate command. 
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. MCLK Selection 


07 | pe} os| v4] os | 
p of of of 1] 0 


MCLK may be selected to operate from a 2.048-MHz or 4.096-MHz external clock. 
A=0: 2.048 MHz 
A= 1: 4.096 MHz 


~j 


. Write, Transmit Time Slot, & PCM Highway Selection 





PCM = 0: Highway A TS: Time slot number 0 to 127 
PCM = 1: Highway B 


The Transmit section of both channels must not be set to the same time slot on the same output port 
simultaneously. 


. Read, Transmit Time Slot, & PCM Highway Selection 


Pf or | os | 5 | 04 | 03 | ve | ot | 0 
Command: | 0 | 1 | o | o | o | o | oo | ot | 


. Write Receive Time Slot & PCM Highway Selection 


ana a Ce ee 


aan ee ee ea eee ewe eS 
Tnput data: [pow [1s [ws [1s [1s [ws [1s [1s 


PCM = 0: Highway A TS: Time slot number 0 to 127 
PCM = 1: Highway B 










© 










10. Read, Receive Time Slot, & PCM Highway Selection 


po | bs | os | 4 | os | 2 | ot | 00 | 


command: | oO | + | of} of lo | of [lt | 


11. Write, Transmit, & Receive Clock Slot Selection 


pf | be | os | 4 | os | be | ot | D0 
Command: | co | 4 | o | o | of ct flo | 
linputdata: | — | — | rcs [rcs | res | tos | tes | tcs_ 


TCS: Transmit Clock Slot number 0 to 7 
RCS: Receive Clock Slot number 0 to 7 
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12. Read, Transmit, & Receive Clock Slot Selection 


es eee 
Ouputdata:_ || — | — | Res | Res | Rcs | Tes | TCs | TCs | 


13. Write AISN, PCM Delay, & Analog Gains 


po | os | 5 | oa | os | be | ot | do 
Command: | oo {| + | of + fo | of o | oO 


















PCM Delay: PCD = 0 Delay inserted (SLAC compatible) 
PCD = 1 Delay removed (high speed) 
Transmit Analog Gain: AX =00dBgain 
AX = 16.02 dB gain 
Receive Analog Loss: AR =00dBloss 
AR = 16.02 dB loss 
AISN coefficient: A,B,C, D,E 


The Analog Impedance Scaling Network (AISN) gain can be varied from —0.9375 to 0.9375 in multiples of 
0.0625. The gain coefficient is decoded using the following equation: 


haisn = 0.0625 [(Ae 24+Be23+Co22+De2! +E 2° - 16], 


where haisn is the gain of the AISN and A, B, C, D, and E = 0 or 1. A value of ABCDE = “10000” implements 
a special digital loopback mode, and a value of ABCDE = “00000” indicates a gain of 0 (cutoff). 


14. Read AISN, PCM Delay, & Analog Gains 


command: | 0 | 1 fo | 1 | oo flo flo | 
Outputdata:_ | pcp | ax | aR | A | Bi c |] DO | E 


15. Write SLIC Input/Output Register 


pf or | be | 5 | v4 | os | 2 | ot | 0 | 
inputdata: | — | — | — | cs | ca | ca | ca | cr 


C1 through C5 are set to 1 or 0. The data will appear latched on the C1 through C5 SLIC I/O pins, provided 
they were set in the output mode (see Command #17). The data for any of the pins set to the input mode will 
be ignored. 


















16. Read SLIC Input/Output Register 


Commands: | oo {| 1 | of + | oO | lo ft ft 
fouputaata [| — |—|— [os [os [os [oe [or 


The logic state of pins C1 through C5 is read regardless of the direction programmed into the Input/Output 
register. 
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17. Write SLIC Input/Output Direction 


AE ee 
ae ee 
ee A Be CTD | 


Pins C1 through C5 are set to input or output modes individually. The input mode is set when the appropri- 
ate data bit is a 0, and the output mode is set when the data bit is a 1. All unused SLIC I/O pins should be 
programmed as outputs to reduce power consumption. 







Data bit A sets pins C51 or C52. 
Data bit B sets pins C41 or C42. 
Data bit C sets pins C31 or C32. 
Data bit D sets pins C21 or C22. 
Data bit E sets pins C11 or C12. 


18. Read SLIC Input/Output Direction and Power Interrupt Bit 


ee 2 Eee 


Se ee ce eee 
ieee as Se 










Pl=0 There has not been a power interruption since the last software reset 
command. 

Pil=1 A power interruption has been previously detected requiring the DSLAC to be 
completely reprogrammed. This bit is cleared by issuing a software reset 
command. 


19. Write Operating Functions 





Adaptive B-Filter: ABF = 0 B filter non-adaptive mode 
ABF = 1 B filter adaptive mode 
A-law/u-law: Alu = 0 A-law coding 
Aju = 1 w-lawcoding 
GR Filter: EGR = 0 GR filter disabled 
EGR = 1. GR filter enabled 
GX Filter: EGX = 0 GX filter disabled 
EGX = 1 GX filter enabled 
X Filter: EX = 0 X filter disabled 
EX = 1 X filter enabled 
R Filter: ER = 0 R filter disabled 
ER = 1 R filter enabled 
Z Filter: EZ = 0 Z filter disabled 
EZ = 1 Z filter enabled 
B Filter: EB = 0 B filter disabled 
EB = 1 B filter enabled 


Note: The enable adaptive B-filter command is only effective when used with the enable B-filter command. 
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20. Read Operating Functions 


pt 7 | be | 5 | a | 3 | be | ot | bo | 
foutputdata: [apr [ au | ecr | ecx[ ex | er | ez | ee | 


21. Write Operating Conditions 


pf or | oe | 05 | v4 | 3 | oe | ot | bo | 


command: | co | 4 | + | st | co | co | co | 










Cut off Transmit Path: CTP = 0 Transmit path connected 
CTP = 1 Transmit path cut off 
Cut off Receive Path: CRP = 0 Receive path connected 
CRP = 1 Receive path cut off 
High-Pass Filter: HPF = 0 High-pass filter enabled 
HPF = 1 High-pass filter disabled 
Receive Path Gain: RG = 0 64dB loss not inserted 
RG = 1 6dBloss inserted 
Analog Loopback: ALB = 0 Analog loopback disabled 
ALB = 1 Analog loopback enabled 
TSA Loopback: TLB = 0 TSA loopback disabled 
TLB = 1 TSA loopback enabled 


22. Read Operating Conditions 


pf | be | 05 | 4 | 3 | oz | 01 | do | 


Command: | oO | tf} tft | oo | of lo [lt | 
Output data: | cp | crp | HPF | AG | as | Tue | — | — 


23. Read Revision Code Number 


Ms ER Se A 


a eee 
[ea ee 


This command returns an eight-bit number describing the revision number of the DSLAC. 











24. Write GX Filter Coefficients 


po |e | 5 | a | os | 2 | ot | 0 | 
command: tL tT oT oP of of of of oo 
= 


Input data byte 1: 


Input data byte 2: | C20 mao | mt 


The coefficient for the GX filter is defined as: 










Hex =14+(C19 0271 + Co 0 2711 + Ca9 0 27 (1 + Cao 0 27%) 43). 
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25. Read GX Filter Coefficients 


poo | oe | os | os | os | be | 1 | 0 | 
coment _f sfofojotojojoir 
a Co SS MOL 


26. Write GR Filter Coefficients 


po | ve | os | v4 | os | be | ot | D0 
a 
ee ae ae tee 


The coefficient for the GR filter is defined as: 




















Her =Ci9 027-1 + Cap 0 27 [1 + Cap 0 2° (1 + Can 0 2°™)) }. 


27. Read GR Filter Coefficients 


A 
commas ft 1fofeofolololfr [1 
weacasbien [eae aww ena 


28. Write Z Filter Coefficients 


po | | os | os | os | v2 | ot | do | 
fcommanc: | 41 | of of co | cof ct | of oy 
Ca ee a 
a a ae 

cy ae Ae "ae a LT 
[inputdatabytes: | ze maz | tm 
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The Z-transform equation for the Z filter is defined as: 
26 


Hz(Z) = Zo + Z1Z7! + ZoZ-2 + Z9Z-3 + Z4Z-4 + Z525 4 ————_—— 
1-—2Z72-1, 


The coefficients for the FIR Z section are defined as: 


Zi= C02" {1 + Coe 2 [14+ Caie2™ (14. Csie2™) J} 
for i=1,2,3,4,5. 


The coefficients for the IIR Z section are defined as: 


Zi= Cy027"" (14+ Cz om) 
fori=6 or 7. 


29. Read Z-Filter Coefficients 


or oe [0s [oe [oe [oe [or | 
a cr Cc 
pteantyes [eater [ot 
To a Se ae a ee 
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30. Write B-Filter Coefficients 


ae 2 0 
Commands tt | oP oP oP oP tt flo 
a ee ee 


Input data ee 1: 


mi1 


input data = 3: C21 C11 


Input data byte 5: Ci2 m2 C33. m33 
Input data byte 6: C13 = m13 
a a ee 
Inpusaabyes [cia ma | 05 ns 
a a 


The z = transform equation for the B filter is defined as: 





















B7z~’ 


Hp(Z) = Bo + B1z~! + Boz? + Bgz-3 + B4z4 + Bsz-5 + Bez * + eh 


The coefficients for the FIR B section and the gain of the IIR B section are defined as: 


By =Cyje 2" [1 + Coe 2-™"(1 + Cape 2-™)]. 


The feedback coefficient of the IIR B section is defined as: 


Bg=Cige2™® (14+Coge 2/1 + Cage 2° (1 + Cage 2-™) J}. 
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31. Read B-Filter Coefficients 
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32. Write X-Filter Coefficients 












| 6 | pe | os | ost pe} eos | | 
Commands tt | oo | of co fs | of of 


ee a a a 
nputdatabyte2: | 20 mao | 1m 
nputdatabytes: | Cat mat | 1m 
Input databyte4: | cat mat] tm 
inputdatabyteS: | C42 maz m3? 

iowauemgne [eee ne [ome 


linputdatabyte7: | C43 mag | 8m 
tn | cas nas | 018 mis 


The z-transform equation for the X filter is defined as: 


= Xo + X1Z71 + Xoz72 + XzZ73 + XqZ~4 +: X5Z-5. 


The coefficients for the X filter are defined as: 


Xj = Cyje 27" 1 + Cope 21 + Cae 27114 Cae 2-™)] }. 


33. Read X-Filter Coefficients 





pot | os | 5 | 4 | 03 | v2 | ot | do | 
a PS 
oveumoge [eee [oo 
Ce a 
Caton we: | eas as | tt ma 
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34. Write R-Filter Coefficients 


or Pe os oe [oe [oe | 
linputdatabyte 12: | C25 mas | CIS mS 


The z-transform equation for the R filter is defined as: 

























Ha(z) = Ro+ Riz! + Roz? + Raz3 + Raz4 + R5z-5. 


The coefficients for the R filter are defined as: 


Ri= Cre 27" {1 + Coe 21 + Cape 2™ (14+ Cie 2™) J}. 


35. Read R-Filter Coefficients 


po | ne | 5 | oe | os | oe | or | 00 | 
comma Et | of Of} of | of a fa 
Output data byte 1: C40 m40 
c20_ma0 

m2 | 


JOutputdatabyte4: | Cat mat | tm 
Output data byte 5 











21 

: 42 
c12_mt2 
C33_m33 

: 44 

: 24 

45 

25 


Cc 
C m42 C32 m382 
Cc 







C 
Output data byte 9 C34__m34 
Output data byte 10 C14 mid 

- | 







Output data byte 11 


Output data byte 12: 
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36. Write Echo Path Gain 













[commane: | tt | oO | of of} vt | | | 
c70_m70 
| C40 






Input data byte 3: C30__m30 
Input data byte 4 C20 m20 


The equation for the Echo Path Gain is defined as: 


C10 m10 





EPG=8eCipe2 (1 + C590 277 {1 + Cone 271 + C7902 (1 + Cane 2™) J }), 
C20, M20, C30, M30, Cao, and Mao must be zero. 


37. Read Echo Path Gain 


oe 
commen st 1 fofefteofs [1,o,1 
Output data byte 1: G70 m70 


38. Write Error Level Threshold 


po | 6 | 5 | 4 | 03 | v2 | Or | DO 
Command§ tt PoP of oP th Pt Tt lo 


The equation for the Echo Path Gain is defined as: 
ELT =Cy9 02°" (14+ Cape 27™), 




























39. Read Error Level Threshold 














Lt 






| 07 | pe | 0s | pa | 03 | v2 | ot | bo | 
Output data byte 1: 


C20 m20d | C10 
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Programmable Filters 
General Description of CSD Coefficients 


The filter functions are performed by a series of multipli- 
cations and accumulations. A multiplication is accom- 
plished by repeatedly shifting the multiplicand and sum- 
ming the result with the previous value at that summation 
node. The method used in the DSLAC is known as 
Canonic Signed Digit (CSD) multiplication and splits 
each coefficient into a series of CSD coefficients. 


Each programmable FIR filter section has the following 
general transfer function: 


HF(z) =ho+hiz-! + hoz 4...4hnz? eq. (1) 


where the number of taps in the filter = n + 1. 


The transfer function for IIR part of Z and B filters is: 
1 


HQ: ea_—X:*—"_: 
(2) 1—Nins 1)Z7" 


eq. (2) 


The values of the user-defined coefficients (hi) are as- 
signed via the MPI. Each of the coefficients (hi) is defined 
in the following general equation: 


hy = B21 + Bo2-Mo4 . 2. + By2-Mn, eq. (3) 
where: 
the number of shifts = Mi < Mis: 


sign = Bj= +1 
N = Number of CSD coefficients. 


The value of hi in (3) represents a decimal number which 
is broken down into a sum of successive values of: 


+1.0 multiplied by 2, or 2-1, or 2°-7...2°7... 


or 
+1.0 multiplied by 1, or 1/2, or 1/4...1/128.... 


The limit on the negative powers of 2 is determined by 
the length of the registers in the ALU. 


The coefficient hiin Equation 3 can be considered to be a 
value made up of N binary 1s in a binary register where 
the leftmost part represents whole numbers, the right- 
most part represents decimal fractions, and a decimal 
point separates them. The first binary 1 is shifted M: bits 
to the right of the decimal point, the second binary 1 is 
shifted Mz bits to the right of the decimal point, the third 
binary 1 is shifted Ms bits to the right of the decimal point, 
and so on. 


Note that when M; is 0, the resulting value is a binary 1 in 
front of the decimal point, that is, no shift. If Mz is also 0, 
the result is another binary 1 in front of the decimal point, 
giving a total value of binary “10” in front of the decimal 
point (i.e., a decimal value of 2.0). The value of N, there- 
fore, determines the range of values the coefficient hican 
take; for example, if N = 3 the maximum and minimum 
values are +3, and if N = 4 the values are between +4. 


Detailed Description of 
DSLAC Coefficients 


The CSD coding scheme in the DSLAC uses a value 
called mi, where m; represents the distance shifted right 
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of the decimal point for the first binary 1, m2 represents 
the distance shifted to the right of the previous binary 1, 
and m3 represents the number of shifts to the right of the 
second binary 1. Note that the range of values deter- 
mined by N is unchanged. Equation 3 is now modified (in 
the case of N= 4) to: 


h, = B,;2-M1 + Bo2-M2 4 B32-M3 4 B,2-M4 eq. (4) 


hj=C,2-™ +C;C22-(™1 +mM2) +C1C2C32-(™1 +m2+m3) 


+ C1CoC3C,241™1 +m2 +m3 + m4) eq. (5) 
hj = C,2-7 0 {1 + C22-™2 0 [1 + C32 
°(1+C42-™ )]} eq. (6) 
where: 
My =m and B;=C; 
Mo = m1 + Mo Bo = C;eCo 
M3 = ™m+M2+mM3 B3 = C:1eCoeCs 


Ba =C1eCoeC30eCy 


In the DSLAC, a coefficient hi consists of N CSD coeffi- 
cients, each being made up of 4 bits and formatted as 
CxyMxy, where Cy is one bit (MSB) and myy is three bits. 
Each CSD coefficient is broken down as follows: 
Cyy is the sign bit (0 = positive, 1 = negative). 
My is the 3-bit shift code. It is encoded as a 
binary number as follows: 


M4 = Mm; +M2+Me+Ma 


000: 0 shifts 
001: 1 shifts 
010: 2 shifts 
011: 3 shifts 
100: 4 shifts 
101: 5 shifts 
110: 6 shifts 
111: 7 shifts 
y is the coefficient number (the “i” in hi). 
X is the position of this CSD coefficient within 


the hi coefficient. It represents the relative 
position of the binary 1 represented by this 
CSD coefficient within the hi coefficient. The 
most significant binary 1 is represented by 

x = 1. The next most significant binary 1 is 
represented by x = 2, and So on. 


Thus, Ci3m13 represents the sign and the relative shift 
position for the first (most significant) binary 1 in the 4th 
(h3) coefficient. 


The number of CSD coefficients, N, is limited to 4 in the 
GR, GX, R, X, Z, and the IIR part of the B filter, and 3 for 
the FIR part of the B filter. Note also that the Gx filter 
coefficient equation is slightly different from that of the 


other filters: 
hiex = 1+ hi eq. (7) 


Please refer to the section detailing the commands for 
complete details on the programming of the coefficients. 
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Adaptive B-Filter Overview 


The DSLAC B filter is designed to work with pre- 
programmed coefficients or with coefficients determined 
by an adaptive algorithm. The adaptive algorithm can be 
operated in a mode where it continuously adapts 
(Am79C02A only) or where it adapts for a short period 
and then holds its value. 


Operation with pre-programmed coefficients requires 
only the use of MP! Command #30 to feed in the coeffi- 
cients. The adaptive mode uses some pre-programmed 
coefficients (may be any legal coefficients or zero coeffi- 
cients) and generates new ones using an algorithm 
which, by a series of iterations, minimizes the receive 
signal that is echoed in the transmit signal (due to mis- 
matches in the SLIC, hybrid, and line). Adaptation only 
applies to the FIR part of the filter. 


In the continuous adaptation mode, the algorithm is 
switched on (via MPI Command #19) after a call is con- 
nected and remains on until the call ends. In this way, 
the B filter is continually being optimized to the received 
signal. 


Inthe adapt and freeze mode, the algorithm is used only 
when aline is brought into service and the DSLAC is acti- 
vated. The algorithm is switched on and is allowed to 
converge with the received signal, which is a band- 
limited white noise signal generated in the exchange for 
this purpose. The noise signal need only be injected for 
less than a second to yield converged coefficients. The 
adaptive mode is then switched off (via Command #19). 


The converged coefficients may be read out of the 
DSLAC (using MP! Command #31) and stored for future 
reference. The DSLAC is now optimized for general in- 
put signals. 


Adaptive Filter Programming 


The purpose of the B filter is to cancel the received signal 
that leaks across the hybrid into the transmit path. The B 
filter transfer function must match (as closely as possi- 
ble) the transfer function of the echo path. 


There are two programmable registers associated with 
the adaptive B filtering. The Echo Path Gain (EPG) is a 
programmable value that predicts the amount of the 
receive signal leaking across the hybrid to the transmit 
path. The EPG is used as part of an algorithm which 
stops the adaptive filter from iterating in the presence of 
signals from the subscriber line (near-end talker). 


The Error Level Threshold (ELT) is a programmable 
value that determines the trans-hybrid loss the adaptive 
filter will attempt to meet. The adaptive algorithm will 
continue to iterate until it meets the loss requirement 
specified by the ELT. Both the EPG and ELT values are 
generated by the AmMSLAC-II software program. Please 
refer to the AmSLAC-II Technical Manual (order no. 
10249A). 
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User Test Modes 


The DSLAC supports testing by providing both digital 
and analog loopback paths as shown in Figure 6. In the 
TSA Loopback Mode, the DR input is connected to the 
DX output in the Time Slot Assigner circuitry. The TSA 
Loopback Mode is programmed via Command #21. 


A different type of digital loopback is provided when the 
AISN register is programmed with a value of “10000.” In 
this case, the AISN circuitry is disabled and the Vout pad 
is connected internally to Vin. This allows the D/A and 
A/D converters to be included in the digital loopback test. 











This mode is programmed via Command #13. Note that 
the signal which is connected internally from Vout to Vin is 
also present on the Vout pin. 


The Vin input can be connected to the Vout output 
through the Z filter for analog loopback. The response of 
the line to low frequencies can be tested by disabling the 
high-pass filter. Additionally, the receive and transmit 
paths may be cut off. 





Vin 4 Transmit :_ | Transmit DXA 
° be Decimator Signal Processing ° re TSA Selector DXB 
4 ‘ 
; 3 
] i] 
4, TSA 
Locales vw, t----\-— Loopback 
oe , BI Mode 
Digital ) (#21) 
Loopback 
Mode 
(#13) 
Receive Receive DRA 
fic ft Signal Processing TSA DRB 
OUT 
09875-010C 
Figure 6. Test Mode Operation 
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APPLICATIONS 


The DSLAC performs a programmable CODEC-filter 
function for two telephone lines. It interfaces to the tele- 
phone lines through either a transformer or an electronic 
SLIC such as the Am795X series devices. The DSLAC 
provides latched digital I/O to control and monitor two 
SLICs and has a 256-kHz clock output to operate the 
switched mode regulator in an Am795X. When several 
line conditions must be matched, the physical SLIC can 
be constant, and its characteristics (such as apparent 
impedance, attenuation, and hybrid balance) can be 
altered by programming each channel’s coefficients to 
suit the line. For a transformer-based SLIC, the DSLAC 
can drive the transformer without a buffer. 





aaa * : 
_ ee C 
Subscriber C1, through C5, M 
Line and CHCLK 7 
| 
Am79C02 . 
DSLAC W 
A 
Y 
a 
Vase 
Subscriber Ci, through C5, 
Line and CHCLK 
=P + 
re ee a) 
To other SLICs 
To other SLICs and DSLACs 
09875-011C 


*SLICs with ground key detect feature 





Connection to a dual, PCM highway backplane is 
through a simple buffer chip. Several DSLACs can be 
bussed together into one bus interface buffer. An intelli- 
gent bus interface chip is not required because each 
DSLAC provides its own buffer control. The DSLAC can 
be controlled through the Microprocessor Interface, 
either by a microprocessor on the linecard or by a central 
processor. 


Figures 7 and 8 illustrate typical AmM79C02 DSLAC appli- 
cations. Figure 7 shows the basic system architecture. 
Figure 8 illustrates the significant details of the interface 
to an Am795X-based SLIC and to a transformer-based 
SLIC. 


PCM Timing 











Figure 7. Basic System Architecture 
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Figure 8. Typical SLIC Connections 


Controlling the SLIC 


SLIC Chopper Clock 


The CHCLK output pin on the DSLAC drives the CHCLK 
inputs for Am795X series SLICs. The CHCLK output 
is a 256-kHz TTL-compatible signal that can drive two 
SLICs. It is only active when one or both channels are 
activated; otherwise it is held HIGH internally. 


SLIC Input/Output 


The DSLAC has 5 TTL-compatible I/O pins (C1 to C5) for 
each channel. Onthe 40-pin DSLAC, only C1 through C4 
are available. On the 44-pin version, C5 (one for each 
channel) is also available and can be used for another 
function (for example, to control metering signal injec- 
tion). The outputs are programmed using Command #15 
and the status is read back using Command #16. The 
direction of the pins (input or output) is specified by 
programming the SLIC I/O direction register (Com- 
mand #17). 


Calculating Filter Coefficients with 
AmSLAC-II 


AmSLAC-II is a software program which models the 
DSLAC, the line conditions, the SLIC, and the line card 


components to obtain the coefficients of the programma- 
ble filters of the DSLAC and some of the transmission 
performance plots. 


The following parameters relating to the desired line con- 
ditions and the components/circuits used in the line card 
are to be provided as input to the program: 


1. Line Impedance. The line impedance or the bal- 
ance impedance of the line which is usually specified 
by the local PTT. 

2. Desired Impedance. This is the desired terminat- 


ing impedance at the exchange. This impedance is 
also specified by the local PTT. 


3. SLIC Impedance. This is the actual terminating 
impedance at the exchange. 

4. GR Filter Attenuation. This is the desired attenu- 
ation for the GR filter. 

5. GX Filter Gain. This is the desired gain of the GX 
filter. 


6. Receive Buffer Transfer Function. It is quite 
common to use an amplifier and/or filter between the 
SLIC and the SLAC in the design of the line card. The 
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transfer function of this amplifier/filter is called the 
Receive Buffer Transfer Function. 


7. Transmit Buffer Transfer Function. Same asthe 
Receive Buffer Transfer Function but for the 
Transmit path. 


8. Fuse Resistance and Coupling. Thisis the value 
of the Fuse Resistance and the Coupling capacitor 
used in the line card. 


9. Two-Wire Return Loss Template. The Two-Wire 
Return Loss Template is usually specified by the 
local PTT. 


10. Four-Wire Return Loss Template. The Four- 
Wire Return Loss Template is usually specified by 
the local PTT. 


The output from the AMSLAC-II program includes the 
coefficients of the GR, GX, Z, R, X, B, and EPG filters as 
well as transmission performance plots of (1) two-wire 
return loss, (2) receive and transmit path frequency 
response, and (3) four-wire return loss. 


The software supports the use of the AMD Am795X 
series SLICs or a transformer SLIC, or allows entry of the 
transfer functions describing the behavior of any type of 
SLIC (hybrid). 7 
Systems for Customer Evaluation 


The DSLAC Low Noise Evaluation Board is designed to 
demonstrate the high performance capabilities of the 


PMA or 
PCM-4 Analyzer 


P5 SLAC/DSLAC 
Computer Interface Board 








DSLAC. The board is used to evaluate the DSLAC avail- 
able in a 40-pin DIP package. 


The SLAC/DSLAC Computer Interface Board provides a 
friendly, computer-driven interface to control up to two 
DSLAC Low Noise Evaluation Boards or SLAC Low 
Noise Boards. The Computer Interface Board allows an 
IBM®-compatible PC-XT™ or PC-AT™ to control a 
SLAC, DSLAC, and a SLIC via its serial port. The board 
is designed to operate with the DSLACIF software pro- 
gram which runs on the PC. A block diagram of a typical 
lab setup is shown in Figure 9. 


The Computer Interface Board can also interface to a 
Hewlett-Packard 3779 series PMA or a Wandel and Gol- 
termann (W&G) PCM-4. These PCM Channel Measure- 
ment Sets are used to measure the quality of signal 
transmission through the DSLAC. 


An RS-232C serial port on the SLAC/DSLAC Computer 
Interface Board is designed to plug directly into a serial 
port on the back of a PC. The DSLACIF program which 
controls the Computer Interface Board will operate on an 
IBM PC-XT, PC-AT, or compatible computer containing 
at least 1 serial port and having at least 512 KB of mem- 
ory. The program is capable of running from a floppy disk 
(360 KB) or from a hard disk. The DSLACIF program is 
completely menu driven and an extensive on-line HELP 
facility is available. 


SLAC SLIC TSX 
+5 5 -—60 -5 45 ecmeaeareA 





09875-013C 


Figure 9. Evaluation System Block Diagram 


4-32 


Am79C02 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature —60< TA<+125°C Analog Supply Vcca1, Veca2 +5.0 V+5% 
Ambient Operating Temperature —40<TA< +85°C Digital Supply Veco1, Vecp2, Vecr +5.0V +5% 
Ambient relative numidity Analog Supply Vee:1, Veee —-5.0V+5% 

(noncondensing) 5% to 100% DGND:, DGND2, PGND 0V 
Vcca1 with respect to AGND —0.4 V to +6.0 V AGND:, AGND2 +50 mV 
Veca2 with respect to AGND_ —0.4V to +6.0 V Ambient Temperature O<Tas+70°C 
Veco: with respect to DGND: —0.4V to +6.0V Ambient Relative Humidity 15% to 85% 
eee a : - eG \ Operating ranges define those limits between which the func- 


tionality of the device i teed. 
Vee: with respect to AGND SOANAOB Ge CORY DUN? Rev iceia guarantee 


Vee2 with respect to AGND +0.4V to-6.0 V 

Vin with respect to Vcca (Vee=—5 V) +0.4 V to-10.0 V 

Vin with respect to Vee (Veca=+5 V) —0.4V to +10.0 V 

Any other pin with respect to DGND: —0.4 V to Vcc 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 

DC CHARACTERISTICS over operating range unless otherwise noted 
Typical values are for Ta= 25°C and nominal supply voltages. Minimum and maximum specifications are over the 
temperature and supply voltage ranges shown in “Operating Ranges.” 


— a —— cr a om ee Pe 
7 mbol Descriptions 

| input Ow voltage os 
Vin | InputHIGH Voltage (‘ECO 20 TCT Ce SOT COU 
Ss a a eC 
Output LOW Votage (l, = 2 7A) Sa HS RES 
Vex | Supe RIG Woe = 008 i a ee Re 
Output LOW Voltage aa TSCB (I,, = 14 mA) Lina ——+ , 






































Analog input Voltage aoe (AX =0 dB) | +3.1466 
AX =6.02 dB poset “= 
Vics Offset Voltage allowed on V,, 
(Vin) Input Leakage Current on V,, : a ; 
+3.1466 V 
if | +1.5733 | V 
eal to. a ——— s—SS 
























_both channels inactive (N 
Output Capacitance (Digital) 


jot’. Both channels active | 180 300 
160 
a both channels active | 
1 channel active 
mR Power Supply Rejection Ratio (1.02 kHz, 100 mVaye: 
either supply or path, GX = GR = 0dB) 
Notes: 1. When the DSLAC is in the inactive mode, the analog output will present adv output level through an ~3K resistor. 


‘both channels active 
ie 
oe mA 
both channels inactive (Note 2) 
2. Power Dissipation in the inactive mode is measured with all digital inputs at V,,=V., and V,=V., and with no load 


1 channel active 
input Capacitance (Digital) —— 
connected to Voy, OF Voure- 
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Transmission Characteristics 


When the gain in the receive path is set at 0 dB, an 
813-Hz PCM sine wave input with level 0 dBm0 will cor- 
respond to a nominal RMS voltage of 1.55 volts for y-law 
and 1.555 volts for A-law at the analog output. When the 
gain in the transmit path is set at 0 dB, an 813-Hz sine 
wave signal with a nominal RMS voltage of 1.55 volts for 
u-law and 1.555 volts for A-law will correspond to a level 
of 0 dBm0 at the digital output. 


When relative levels (dBm0) are used in any of the fol- 
lowing transmission specifications, the specification 
holds for any setting of the AX + GX gain from 0 to 12 dB 
and the AR + GR loss from 0 to 12 dB. Performance 
specification for settings of the AX + GX gain from 12 to 
18 dB and the AR + GR loss from 12 to 18 dB will be de- 
termined as the device is characterized. 


These performance specifications are valid for the com- 
mercial temperature range device only. The specifica- 
tions for the industrial temperature range device will be 
released after full characterization. 


Gain Stability 


For a 0 dBm0 813-Hz (A-law) or 1014-Hz (u-law) sine 
wave signal, the gains in the transmit and in the receive 


path (with B=0, Z=0 & X=R=1) will not deviate from 
their ideal value by more than +0.2 dB. 


The variation of the digital to digital loop gain (when the 
analog input and output ports are connected together) or 
the analog to analog loop gain (when the digital input and 
output ports are connected together) will be within +0.2 
dB. The above specifications apply with reference to ag- 
ing, temperature, and supply voltage variations within 
the specifications of the “Operating Ranges”. 


Attenuation Distortion 


The attenuation of the signal in either path is nominally 
independent of the frequency. The deviations from 
nominal attenuation will stay within the limits shown. The 
reference frequency is 813 Hz and the signal level is 
0 dBm0. The deviation is less than +0.125 dB for 
300 Hz < f < 3000 Hz. 
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Figure 10. Attenuation Distortion (Single Ended) 
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Group Delay Distortion 


For either transmission path, the group delay distortion is 
within the limits shown. The minimum value of the group 
delay is taken as the reference. The signal level should 
be 0 dBm0. 


Group Delay 


The Group Delay spec is defined as the sum of the mini- 
mum values of the group delays for the transmit and the 
receive paths when the transmit and receive time slots 
are identical and the B, X, R, and Z filters are disabled. 
For PCLK frequencies of greater than 1.536 MHz, the 
group delay is less than 630 us. For PCLK frequencies of 
less than 1.025 MHz, the group delay is less than 695 us. 
(At PCLK frequencies between these two values, the 
group delay may vary from one cycle to the next.) 
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Figure 11. Group Delay Distortion 
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Discrimination Against Out-of-Band 

Input Signals 

When an out-of-band sine wave signal with frequency f dB level below the level of a signal at the same output 
and level Ais applied to the analog input, the levelofany originating from an 813-Hz sine wave signal with a level 
frequency component below 4 kHz at the digital output, | of AdBm0 also applied to the analog input. The minimum 
caused by the out-of-band signal, is atleastthe specified specifications are: 


Frequency of out-of-band signal Amplitude of out-of-band signal Level below A 
16.6 Hz <f<60 Hz —25 dBm0<A<0 dBm0 20 dB 

60 Hz <f<100 Hz ~25 dBm0<A<0dBm0 10 dB 
3400 Hz <f< 4600 Hz —25 dBm0<A<0 dBm0 see Figure 12 
4600 Hz <f< 72 kHz ~—25 dBm0<A<0 dBm0 32 dB 
4600 Hz<f<100 kHz A=0dBm0 35 dB 


The attenuation of the waveform below amplitude A between 3400 Hz and 4600 Hz is given by the formula: 
™(4000-f) 


Attenuation (dB) = 14-14 sin 
1200 
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Figure 12. Discrimination Against Out-of-Band Signals 
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Spurious Out-of-Band Signals 
at the Analog Output 


With PCM code words representing a sine wave signal in 
the range of 300 Hz to 3400 Hz at a level of 0 dBm0 ap- 
plied to the digital input, the level of the spurious out-of- 
band signals between 4.6 kHz and 24 kHz at the analog 
output is less than -32 dBm0. The level of spurious out- 
of-band signals between 24 kHz and 90 kHz is given by: 
(23 — 40 elogiof), 
where f is the frequency in kHz. 


Between 90 kHz and 1 MHz, the signal at the analog out- 
put is less than —55 dBV. With code words representing 
any sine wave signal in the range 3.4 kHz to 4.0 kHz ata 
level of OdBm0 applied to the digital input, the level of the 
signals at the analog output are below the limits in Fig- 
ure 13. The amplitude of the Spurious Out-of-Band sig- 
nals between 3400 Hz and 4600 Hz is given by the 


formula: 
A=-14-14 sin TAE41000) ww 


Harmonic Distortion 


The output signal level, at any single frequency in the 
range of 300 Hz to 3400 Hz, other than that due to an ap- 
plied 0 dBm0 sine wave signal with frequency f in the 
same frequency range, is less than —46 dBm0. With f 
swept between 0 to 300 Hz and 3400 to 12 kHz, any gen- 
erated output signals other than f are less than —28 
dBm0. This specification is valid for either transmission 
path. 





Level (dB) 


3.4 4.0 


Frequency (kHz) 


Intermodulation Distortion 


Two sine wave signals of different frequencies f: and 
fe (not harmonically related) in the range 300 Hz to 
3400 Hz and of equal levels in the range —4 dBm0 to 
~—21 dBm0 do not produce any 

2 @ fi — fe 
products having a level greater than —42 dB relative to 
the level of the two input signals. 


A sine wave signal in the frequency band 300 Hz to 
3400 Hz with input levei-—9 dBm0 and a 50-Hz signai with 
input level -23 dBm0, will not give any intermodulation 
products exceeding a level of -56 dBm0. These specifi- 
cations are valid for either transmission path. 


idle Channel Noise 


When the signal at the analog input is zero and the digital 
output (DXA or DXB) is connected to the digital input 
(DRA or DRB), the maximum levels of the noise mea- 
sured at the analog output are: 


Weighted noise: 
Unweighted noise (300-3400 Hz): 


—68 dBm0p 
~55 dBm0 


When the signal at the analog input is zero, the maximum 
level of the noise measured at the digital output does not 
exceed —68 dBmOp (A-law) or 19 dBrnco (y-law). When 
PCM code words representing zero volts are applied to 
the digital input, the maximum level of the noise 
measured at the analog output does not exceed —78 
dBm0p (A-law) or 12 dBrncO (p-law). No single fre- 
quency component in the range above 3800 Hz may ex- 
ceed a level of -55 dBm0. 
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Figure 13. Spurious Out-of-Band Signals 
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Crosstalk 


Transmit to Receive crosstalk within a channel. The 
crosstalk level at the analog output due to a 0 dBm0 sine 
wave signal in the frequency range 300 Hz to 3400 Hz, 
applied to the analog input, is less than —75 dBm0. 


Receive to Transmit crosstalk within a channel. The 
crosstalk level at the digital output due to a 0 dBm0 sine 
wave signal in the frequency range 300 Hz to 3400 Hz, 
applied to the digital input, is less than -75 dBm0. 


Transmit to Transmit crosstalk between channels. 
With a 0 dBm0 sine wave signal in the frequency range 
300 Hz to 3400 Hz applied to the analog input of one 
channel, the level at the digital output of the other chan- 
nel does not exceed —76 dBm0. 
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Transmit to Receive crosstalk between channels. 
The crosstalk level at the analog output of one channel 
due to a 0 dBm0 sine wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the analog input of the 
other channel, will be less than —78 dBm0. 


Receive to Transmit crosstalk between channels. 
The crosstalk level at the digital output of one channel 
due to a0 dBm0 sine wave signal in the frequency range 
300 Hz to 3400 Hz, applied to the digital input of the other 
channel, will be less than —76 dBm0. 


Receive to Receive crosstalk between channels. The 
crosstalk level at the analog output of one channel due to 
a0dBm0 sine wave signal in the frequency range 300Hz 
to 3400 Hz, applied to the digital input of the other chan- 
nel, will be less than —78 dBm0. 
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Variation of Gain with Input Level 


The gain deviation relative to the gain at -10 dBm0 is 
within the limits shown for either transmission path when 
the input signal is a noise signal (for exampie, CCITT 
Rec. 0.131). 


The gain deviation relative to the gain at -10 dBm0 is 
within the limits shown for either transmission path when 
the input is a sine wave signal in the frequency range 700 
Hz to 1100 Hz (excluding submultiples of 8 kHz). 
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Figure 14. Gain Tracking with Noise Input 
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Gain (dB) 
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Figure 15. Gain Tracking with Tone Input 
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Total Distortion, 
Including Quantizing Distortion 


The signal-to-total distortion ratio will exceed the limits | The signal-to-total distortion will exceed the limits shown 
shown for the receive path when the input signal is a _ for either transmission path when the input is a sine wave 
noise signal (for example, CCITT Rec. 0.131). The — signalinthe frequency range 700 Hz to 1100 Hz (exclud- 
transmit path specification is 1 dB less thanthat shown __ ing submultiples of 8 kHz). 

for the receive path. 
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Figure 16. Total Distortion with Noise Input (Receive Path) 


Signal-to-Total 
Distortion (dB) 


—45—40 —30 


Input Level (dBm0O) 09875-021C 


Figure 17. Total Distortion with Tone Input (Both Paths) 
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Overload Compression 
Figure 18 shows the acceptable region of operation for input signal levels above the reference input power (0 dBm0). 





Acceptable 
Region 


Fundamental Output Power (dBm0) 





1 2 3 4 5 6 7 8 9 
Fundamental Input Power (dBm0) 09875-022C 


Figure 18. Overload Compression 
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SWITCHING CHARACTERISTICS over operating range unless otherwise noted 
Microprocessor Interface 


Min. and Max. values are valid for all digital outputs with a 150 pF load, except C1 to C5 with a 30 pF load. Pullup 
resistors of 360 ohms are attached to TSCA and TSCB. 


Treameer Cd 

i a a 

..) een 

(3 | toa _|  DataClockLOWPulse Width (Note1) —s || —97_ || 
a 
| ee (eas 
| 70 | 
















| 4 | toca | __ Rise Time of Clock 
| 5 | tor Fall Time of Clock 
8 | tess Chip Select Setup Time, Input Mode 




















| 9 | ticso | Chip Select off Time, Input Mode (Note 7 y 
/10 | tos | — Input Data Setup Time | 
Input Data Hold Time 


SLIC Output Latch Valid 


Chip Select Setup Time, Output Mode _ 
Chip Select Hold Time, Output Mode 
ip Select Pulse Width, Output Mi 


Select Off Time, Output Mode iF 





Output Data Hold Time 


Output Data Valid 





Parameter 
PCM Clock Period (Note 2 : 






ooh Data Output Hold Time 70 
with Programmable Delay) (Note 4 40 150 
32 PCM Data Output Delay to High-Z 70 
(with Programmable Delay) (Note 4 150 
/33 | tors | PCM Data input Setup Time | 25 0 ns 
(34 | torn | ~_PCM Data Input Hold Time ss ee 
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Master Clock 
For 2.048 MHz + 100 ppm or 4.096 MHz + 100 ppm operation: 


2S ewes —[ oe eal te 


Master Clock pores 4. 096 MHz, } 


idth (4. ae ee 
“MICLK LOW Pulse Width (2.048 MHz) | 200 | rns 





eee 


. DCLK may be stopped in the HIGH or LOW state indefinitely without loss of information. If DCLK is stopped in the HIGH 
state, CS can subsequently make any number of transitions without activating the Microprocessor Interface logic. 


. The maximum allowed PCM clock frequency is 8.192 MHz. The actual PCM clock rate is dependent on the number of 


channels allocated within a frame. The minimum clock frequency is 128 kHz. A PCLK of 1.544 MHz may easily be used 
for standard U.S. transmission systems. 


. TSC is delayed from FS by a typical value of N-t,,,, where N is the value stored in the time/clock-slot register. 
. There is a special conflict detection circuitry which will prevent high power dissipation from occurring when the DXA or 


DXB pins of two DSLACs are tied together and one DSLAC starts to transmit before the other has gone into a high im- 
pedance state. 


. The first data bit is enabled on the falling edge of CS or on the falling edge of DCLK, whichever occurs last. 
. tyso IS defined as the time at which the output achieves the open circuit condition. 
. The DSLAC requires 40 cycles of the 8-MHz internal clock (5 us) between SIO operations. If the MPI is being accessed 


while the MCLK input is not active, a Chip Select Off time of 20 us is required. 
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SWITCHING WAVEFORMS 


Input and Output Waveforms for AC Tests 
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Microprocessor Interface (Input Mode) 
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Microprocessor Interface (Output Mode) 
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Am79C30A DSC Layout Hints 


The Am79C30A integrates high-speed digital logic and sensitive audio circuitry into 
a single device. Although audio transmission tests are demanding, observance of 
basic guidelines of component selection and layout will yield excellent performance. 


SEPARATE ANALOG AND 
DIGITAL AREAS 


In the example below, a card containing digital circuitry 
as well as a Digital Subscriber Controller (DSC) has 
been designed for use in a PC. Four Printed Circuit 
Board (PCB) layers are used: two for signals and the 
other two for power and ground. The Vcc and Vss 
planes of the PCB include cuts which separate the 
board into two areas that are joined near the edge con- 
nector. The DSC and all analog circuits are placed on 


Digital 


UTILIZE EFFECTIVE DECOUPLING 
PRACTICES 


Capacitor selection—For an application such as the 
one onthe previous page, it is recommended to use 0.1- 
uF high-frequency ceramic capacitors on each IC, and 
in parallel with 10.0-uF tantalum capacitors near the 
edge connector. It is important to check for special 
decoupling requirements for individual ICs, since some 
functions (for example, dynamic RAM controllers) re- 
quire bulk decoupling near the package to handle sud- 
den switching loads. For the DSC, it is necessary to in- 
clude bulk decoupling capacitors if the loudspeaker 
outputs drive a heavy current load. 


Publication # = Rev. Amendment Issue Date: 


12607 A /0 7/89 


the right side of the power-plane cuts, as close as possi- 
ble to the S interface and telephone connectors on the 
card edge. Since DSC analog and digital functions are 
manufactured on a single substrate, it is necessary to 
use a common power supply for the analog and digital 
Vcc pins of the DSC PLCC to avoid the possibility of ex- 
cessive current flow through the DSC. The power-plane 
cuts illustrated in the diagram below reduce the coupling 
of digital switching noise into the supply path of the DSC 
and analog components. 





Capacitor placement—Individual decoupling capaci- 
tors should be placed as close as possible to the supply 
pins of the IC, with minimum lead length. This is be- 
cause at higher frequencies the inductances of the ca- 
pacitor and IC leads are not negligible, and sudden 
surges of supply current will result in noise spikes onthe 
supply pins. 


Decouple all supply pins—On devices such as the 
DSC in a PLCC package, it is helpful to provide decou- 
pling for each supply pin. Analog Vcc should be 
decoupled to Analog Vss, and Digital Vcc to Digital Vss, 
using high-frequency 0.1-uF ceramic capacitors. 
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PLAN AN EFFECTIVE BOARD LAYOUT 


Care in routing—in an analog environment, it is par- 
ticularly important to keep signal traces as short as 
possible, and to route analog traces away from high- 
frequency signals such as clock lines. Traces that are 
connected to ground may be used to help isolate key 
signals. The longer a trace becomes, the greater will be 
its tendency to act like an antenna or transmission line. It 
is well worth the time to plan the location of components 
to minimize the length of critical traces. For example, if a 
low-level signal to be amplified enters a board througha 
connector, it is preferable to place the amplifier as close 


as possible to the connector itself. Although the noise 
floor may be low, any noise picked up would be ampli- 
fied along with the signal. 


Care in placement—The overall noise performance of 
a board is also improved by taking precautions in the 
placement of components. For all devices with crystal 
oscillators, it is recommended to place the crystal and 
load capacitors as close as possible to the crystal pins of 
the device. For the DSC, it is also helpful to place the RC 
network for the Main Audio Processor (MAP) as close as 
possible to the DSC CAP1 and CAP2 pins to reduce the 
coupling of noise into the device. 
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CCITT 1.430 Tutorial 


CCITT Recommendation 1.430 defines the Layer 1 characteristics of the user- 
network interfaces at the ISDN S and T reference points. The Am79C30A Digital 
Subscriber Controller is fully compliant with 1.430, and it is instructive to examine 
1.430 in detail to understand its implications in both IC and system design. 


INTRODUCTION: THE ROLE OF 1.430 


It is important to note that although CCITT Recommen- 
dation !.430 is an international specification, the require- 
ments for network connection vary from country to coun- 
try and are still under development. It is unlikely that a 
single comprehensive international specification will 
evolve in the near future; a more likely scenario is that 
individual countries will at first adopt their own exten- 
sions of 1.430. For example, in the United States the 
American National Standards Institute (ANSI) is devel- 
oping a standard that basically conforms with I.430, but 
also “specifies individual departures from CCITT 1.430 
that reflect the domestic environment of the United 
States.” These departures are numerous, including for 
example differences in power feeding, hazardous volt- 
age protection, and use of the multiframing bits. These 
differences are in general extensions to or Clarification 
of 1.430, as opposed to being incompatibilities. The 
creation of a single world standard is of necessity a slow 
process, and it is inevitable that there will be such tem- 
porary differences as we converge towards a true global 
network. 


An additional factor in the ISDN environment is certifica- 
tion with individual switch vendors. In the world of ana- 
log networks, a telephone or modem device would be 
tested for compliancy with the specifications of the gov- 
erning telecommunications authorities (for example, 
FCC Part 68 in the United States) whereupon the device 
could be connected to the analog network. In the ISDN 
environment, switch vendors have independently devel- 
oped products while the specifications evolved, result- 
ing in the need to undergo compliancy tests with each 
individual switch vendor for the physical, link, and sig- 
naling layers. Fortunately, these specifications are gen- 
erally equivalent to or slightly relaxed from 1.430 at the 
physical layer, with the majority of differences occurring 
in signaling. An example of such a specification is AT&T 
5D5-900-301. 


CCITT Recommendation 1.430 is thus seen to be a ba- 
sic document for the development of equipment for the 
ISDN S and T reference points, but for the foreseeable 
future designers will need to look to telecommunications 
regulatory agencies and ISDN switch vendors for addi- 
tional requirements. 


Publication # Rev. Amendment Issue Date: 
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GENERAL OVERVIEW 


Sections 1 and 2 of |.430 present a general description 
of the reference configurations applicable to |.430, and 
an overview of the services to be provided to Layer 2 
and the management entity (ME). Layer 2 refers to the 
next higher layer of the OSI software model, which is re- 
sponsible for certain physical link functions. The ME 
services all OSI layers with a wide range of system func- 
tions, including event notification, error handling, main- 
tenance loops, memory managemert, and initialization. 
It is important to note that there is currently no finalized 
international standard for the functions of the ME or its 
interfaces to the various OSI layers. Work is underway 
on a series of CCITT Recommendations (Q.940, 941, 
942) in an attempt to standardize ME functions and in- 
terfaces; however, at the current time, designers are im- 
plementing unique and potentially incompatible ver- 
sions. Of particular interest in Section 2 are the 
primitives to be passed between Layer 1 and other enti- 
ties. For instance, Layer 2 or the ME. 1.430 specifically 
states that these primitives represent the logical ex- 
change of information and control, and are not intended 
to constrain the implementation of entities or interfaces. 
No assumption is made about the definition of the other 
layers or entities to which 1.430 is to be connected. For 
instance, |1.430 defines activation/deactivation primi- 
tives to be passed between Layers 1 and 2, yet the 
Q.921 Layer 2 specification makes no mention of what 
to do with these primitives. The point to be understood 
here is that |.430 does not specify a software interface, 
either to the management entity or to Layer 2. 


MODES AND CONFIGURATIONS 


Sections 3, 4, and 8 of 1.430, together with Annex A, de- 
scribe the modes of operation and wiring configurations 
of the user-network interface. In “point-to-point” opera- 
tion a single TE and a single NT are interconnected, 
whereas in point-to-multipoint operation multiple TEs 
may be simultaneously connected to a single NT in 
either a “short passive” or “extended passive” bus con- 
figuration. The timing recovery requirements for the NT 
side vary in the different wiring configurations, and 1.430 
defines four classes of NT that operate on some or all of 
the three wiring configurations. NTs may be designed 
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for short passive bus operation only, for both point-to- 
point and passive bus, for extended passive bus only, or 
for point-to-point only. 


Inthe short passive bus wiring configuration, up to eight 
TEs may be connected at random points along the ca- 
ble. If the NT device uses fixed timing, it samples data at 
regular fixed intervals even though pulses arrive from 
the various terminals with different transmission delays. 
This implies that the maximum time difference between 
pulses arriving at the NT must be less than a bit period. 
The round-trip delay for NTs configured for passive bus 
only operation may vary from 10 to 14 microseconds, 
the lower value of 10 microseconds being derived from 
the 2-bit delay through the TE plus the maximum nega- 
tive phase deviation. With fixed timing, it is the round-trip 
delay that limits the maximum cable length of the short 
passive bus configuration and not the attenuation of the 
cable itself. This delay corresponds to a maximum dis- 
tance on the order of 100-200 meters for the short pas- 
sive bus configuration. 


The simplest configuration is point-to-point, where a TE 
is present at one end of the cable and an NT atthe other. 
In this case, the maximum transmission distance is de- 
termined by cable attenuation and receiver perfor- 
mance, not round-trip delay. The accepted target dis- 
tance for point-to-point operation is 1 kilometer. 
Adaptive NT timing is required, which uses a phase-lock 
loop to compensate for the round-trip delay. NTs that 
are configured for point-to-point operation only must ac- 
commodate round-trip delays, which may vary from 10 
to 42 microseconds. NTs that are configured for either 
point-to-point or short passive bus operation must allow 
delays ranging from 10 to 42 microseconds for point-to- 
point, and 10 to 13 microseconds for short passive bus. 


In the extended passive bus configuration, the maxi- 
mum cable distance is increased over the short passive 
bus by grouping the terminals together at the far end of 
the cable, thereby restricting the range of the differential 
round-trip delay between any two terminals. inthis case 
the NT again uses adaptive timing. Although the calcu- 
lations in Annex 4 indicate up to four TEs in this configu- 
ration, it is left up to individual regulatory authorities to 
define detailed configurations. The distance objective of 
the extended passive bus configuration is 1 kilometer, 
but will vary greatly with the wiring of the TEs. NTs con- 
figured for extended passive bus operation only must 
accommodate round-trip delays ranging from 10 to 42 
microseconds. 


Note that in all three configurations there is only one ter- 
minating resistor at each end of the cable, regardless of 
the number of terminals connected. The presence of ex- 
tra terminating resistors will artificially degrade distance 
performance. 


The final diagram of Annex A shows a star configuration 
NT1, in which point-to-multipoint operation is realized 
using point-to-point wiring. In this case, the NT1 must do 


extra buffering and processing of the D-channel echo 
bits to handle contention by all the TEs for the single D 
channel on the network side of the NT1. 


An interesting point in Section 4 is that the correct po- 
larity of wiring must be maintained in the TE to NT di- 
rection for point-to-multipoint configurations. This is 
because all D-channel MARKs must appear as LOW 
MARKs to ensure proper operation of the D-channel pri- 
ority mechanism. 


FUNCTIONAL CHARACTERISTICS 


Section 5 of |.480 summarizes the basic functions of an 
|.430-compatible interface. 


Two B Channels each provide a 64-kb/s full-duplex 
channel for user information. No restriction on the con- 
tent or usage of these channels is defined, other than 
the requirement that they do not contain circuit switch- 
ing information for the network. 


Bit timing recovery from the data stream is necessary 
since the four-wire interface does not provide any sepa- 
rate data clocks. 


Octet timing provides the TE and NT with an 8-kHz 
frame-sync signal. 


Frame alignment allows the TE and NT to correctly 
identify and recover the time division multiplexed over- 
head bits and data channels. 


The D channel provides a 16-kb/s full-duplex channel 
for user data packets and network signaling packets. 


Power feeding is included as an 1.430 function, but im- 
plementations and requirements vary greatly depend- 
ing upon the regulatory environment. 


Deactivation and activation are procedures defined to 
direct the TE and NT into or out of low-power idle states. 


Connection and disconnection of a TE at the inter- 
face is defined as the appearance and disappearance 
respectively of power to the TE. These events are sig- 
nificant in the higher-level procedures that assign a 
unique TEI (Terminal Endpoint Identifier) number to 
each TE during system initialization. 


The formats of the 48-bit frames are then defined, which 
are different for each direction of transmission. Figure 3 
of 1.430 is appended to the end of this application note 
for reference. 


FRAME STRUCTURE AND ALIGNMENT 


In the 1.430 pseudo-ternary line code, a binary ONE 
(SPACE) is represented by no line signal, whereas a bi- 
nary ZERO (MARK) is represented by either a positive 
or negative pulse. Transmitted binary ZEROs must 
alternate in polarity to maintain “DC balance” on the line, 
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with the exception of intentional “code violations” in 
the frame where successive ZEROs do not alternate in 
polarity. 


Both types of frames begin with a framing bit F, which is 
always a positive MARK, followed by a balance bit L, 
which is always a negative MARK. The last MARK of the 
previous frame is guaranteed to be positive, meaning 
that the F bit is a code violation. The first MARK follow- 
ing the frame balance bit is required to be a negative 
MARK, which produces a second code violation. In the 
NT to TE direction, the auxiliary framing bit Faorthe N bit 
guarantee the required violation within 14 bits or less 
from the F bit if the data bits between L and Fa do not. If 
the multiframing mode (to be discussed in detail shortly) 
is enabled, the NT will transmit a SPACE in the Fa posi- 
tion and N willbe a MARK. If multiframing is not enabled, 
the NT will send a MARK in the Fa position and N will be 
a SPACE. 


Inthe TE to NT direction, the Fa bit will guarantee a sec- 
ond code violation within 13 bits or less from the F bit if 
multiframing is not enabled. If multiframing is enabled, 
only 4 out of 5 frames are guaranteed to satisfy the 13 or 
less criterion, but the framing procedures are tolerant of 
this missing violation. 


In the NT to TE direction, frame synchronization is 
achieved when 3 consecutive frames with valid pairs of 
code violations satisfying the 14-bit criterion are de- 
tected. Loss of synchronization occurs when a period 
of time equivalent to 2 consecutive frames elapses with- 
out detection of violations that satisfy the 14-bit cri- 
terion, whereupon the TE must cease transmission 
immediately. 


In the TE to NT direction, frame synchronization is 
achieved when 3 consecutive frames with valid pairs of 
code violations satisfying the 13-bit criterion are de- 
tected. If all Fa bits are ZERO, loss of synchronization 
occurs when a period of time equivalent to 2 consecu- 
tive frames elapses without detection of violations that 
satisfy the 13-bit criterion. Otherwise, 3 frames are re- 
quired to indicate loss of synchronization. For both types 
of frames, the next 8 bits following the F/L pair constitute 
the first octet of data for the B1 channel. Inthe NT to TE 
direction, these bits are followed by an E bit anda D bit. 
The E bit is the echo channel for the D bits; upon receiv- 
ing a D bit, the NT echoes it back to the TE(s) inthe next 
E-bit position so the TES may compare it to their own 
transmission for collision detection purposes. The first D 
bit is followed by the A bit, which is set when the inter- 
face is activated and synchronized. The A bit is followed 
by the auxiliary framing pair Fa and N, which are in turn 
followed by the first octet of data for the B2 channel. The 
second occurrence of an E and D bit is next, followed by 
the multiframing bit M. The remainder of the frame con- 
sists of the second octet of B1 data, the third E and D bit 
pair, the “S” bit (for further study), the second octet of B2 
data, the fourth and final E and D bit pair, and the frame 
balance bit L. Note that the final frame balance bit L 


serves the dual purpose of DC balancing the entire 
frame as well as guaranteeing that the last MARK of the 
frame is a positive MARK. 


The frame structure inthe TE to NT direction is consider- 
ably different. The frame begins with an F/L pair as be- 
fore, followed by the first octet of B1 data. However, the 
D bits are preceded by balance bits L so that the D bit 
may be restricted to either SPACE (no line signal) or 
negative MARK. This prevents the collision of negative 
MARKs with positive MARKs in the multipoint situation, 
which could result in a composite waveform resembling 
SPACE. Since the spacing condition is interpreted as 
line IDLE, the efficiency of the D-channel access proce- 
dures would be reduced. A key feature to note is that the 
L bits force the first MARK of each data octet to be nega- 
tive MARK. This simplifies correct DC balancing during 
multipoint operation when the B1 and B2 data sources 
come from different TEs; if the TEs did not know which 
polarity of MARK to begin with, they could introduce er- 
roneous code violations. 


The first occurrence of a D bit is followed by a balance bit 
L, the Fabit, and another L bit. The L bit preceding the Fa 
bit guarantees that the Fa bit can be a negative MARK, 
and the next L bit guarantees that the first MARK of the 
following B2 data octet can be a negative MARK. The 
rest of the frame follows a similar pattern for the remain- 
ing D and B bits. As before, the final L bit DC balances 
the frame and ensures that the F bit of the next frame will 
be a code violation. 


D-CHANNEL PROCEDURES 


The D-channel procedures allow multiple TEs to share 
the Dchannel in a multipoint configuration, or single TEs 
to operate in a point-to-point configuration. 


When a TE has no Layer 2 frames to transmit, it sends 
binary ONEs on the D channel, which results in no line 
signal. Whenthe NT has no Layer 2 frames to transmit, it 
may send binary ONEs or repeat HDLC flags. An LAPD 
flag is the octet “01111110,” and defines the beginning 
or ending of an LAPD packet. A flag that closes a packet 
may also define the beginning of a new packet. To pre- 
vent the occurrence of the flag pattern in the actual data, 
the transmitter must include a “zero insertion” function 
that automatically inserts a ZERO after each sequence 
of five contiguous logical ONEs. Similarly, the receiver 
must include a “zero deletion” function that automati- 
cally deletes any ZEROs that follow five contiguous logi- 
cal ONEs. Any occurrence of six logical ONEs in the re- 
ceived data will therefore indicate a flag. As discussed in 
the previous section, the NT will echo a received D bit in 
the next available E-bit position towards the TEs. The 
TEs will monitor the E-bit position, both to gain access to 
the D channel as well as to check for collision with other 
TEs. A TE that intends to transmit data must monitorthe 
E bit, counting the number of consecutive binary ONEs. 
Once a count threshold corresponding to the priority of 
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the TE is reached, it may begin to transmit data. The pri- 
ority level may be fixed for a particular TE, or it may be 
programmed after system powerup. The priority count is 
incremented following successful transmission of a 
packet to allow other TEs equal access to the channel. 
Typical priority counts range from eight and nine for sig- 
naling packets to ten and eleven for data packets. Once 
a TE begins D-channel transmission, it must monitor the 
E bit and compare it with its last transmitted D bit. If they 
match, transmission continues, otherwise a collision or 
line error has occurred and the TE must cease transmis- 
sion and return to counting binary ONEs. 


ACTIVATION/DEACTIVATION 
SEQUENCES 


The 1.430 specification defines a set of F states, num- 
bered from F1 through F8, to indicate the state of the TE 
during activation and deactivation procedures. Simi- 
larly, a set of G states numbered from G1 through G4 
are used to indicate the state of the NT. Section 6.2 of 
1.430 is included for reference at the end of this applica- 
tion note and defines the precise meaning of each F and 
G state. Also included is Table 2 of 1.430, which de- 
scribes the format of the “INFO” signals exchanged by 
TE and NT during the initialization sequence. Tables 3 
and 4 of 1.430 are appended to this note, and define 
state tables which indicate the state transitions to be 
made based upon events such as reception of particular 
INFO signals. 


The meaning and sequence of states are clearly defined 
inthe specification, but a few points require special note. 
Attention is drawn to the difference between the inactive 
and deactivated TE states. In the inactive state there is 
no power, and therefore nothing is happening in the TE. 
Consequently, the Am79C30A only provides indication 
of states F2 through F8. In the deactivated state, the TE 
has been placed in a low power state, but will monitor 
the line for an indication to activate or may request acti- 
vation itself if requested to do so by higher TE software 
layers. Note also that a TE may request activation, but 
may not request deactivation. A TE distinguishes INFO2 
from INFO4 by the state of the “A,” or activation bit. 


The “handshake” sequence of the F and G states is rela- 
tively forgiving, since the D-channel protocol must be 
satisfied before any aciuai daia can be iransmitied. For 
instance, in multipoint operation it is possible to have 
overlapping but unsynchronized INFO1 signals from 
TEs to NT. A single INFO1 signal consists of a continu- 
ous pattern of positive MARK, negative MARK, and six 
SPACEs. The composite signal may not resemble an in- 
dividual INFO1, but the NT will respond with an INFO2 
pattern and the individual TEs will then synchronize. 


MULTIFRAMING 


Multiframing is a mechanism that provides for the trans- 
mission of a Q bit in the TE to NT direction every fifth 


frame. The information is intended for the NT only; there 
is no requirement for the NT to transmit any information 
inthe upstream direction to the exchange termination. It 
is intended to provide an additional low-speed channel 
from the TE to the NT. At the current time, the proce- 
dures and usage of the multiframe capabilities are not 
widely implemented. Section 7 of the ANSI document 
does, however, define some uses of the multiframing 
Capability for maintenance functions. 


If multiframing is supported, the Q-bit positions are iden- 
tified by the setting of the Fa bit to a binary ONE inthe NT 
to TE direction every fifth frame. This allows the TEs to 
synchronize their Q transmissions, preventing collision 
of Fa bits from one TE with the Q bits from another. How- 
ever, there is no mechanism for Q-bit collision detection 
recovery between TEs. An additional feature is the set- 
ting of the M bit in the NT to TE direction every 20 
frames, creating a multiframe structure that supports 
the transmission of 4-bit characters from TE to NT. A 
single S bit is transmitted each frame in the NT to TE 
direction. 


The fact that systems have been designed while the 
standards were evolving can lead to situations where 
equipment may not respond exactly as expected. The 
case in point is when an NT transmits a logical “1” in the 
Fa position to an Am79C30A during the activation se- 
quence. Although the NT should not consistently send 
“{” in this position, cases have been observed where 
this condition has indeed occurred. If multiframing is dis- 
abled in the Am79C30A, it will echo the received Fa bit 
back to the NT. If the B1 channel is disabled, or sends 
$FF, the TE and NT will fail to synchronize since the NT 
will not see a second code violation within the first 13 bits 
of the frame. A simple workaround for this situation is to 
enable multiframing (set AmM79C30A MF register bit 0 to 
“1”) and force the Fa response to be logical “O” (set 
Am79C30A MFQB register bit 4 to “O”). This guarantees 
that the Fa bit in the TE to NT direction will provide a 
code violation if the B1 channel data does not. 


The Am79C30A provides full support for all multifram- 
ing functions. If multiframing is enabled, the DSC will 
monitor the received Fa and M bits to establish multi- 
frame synchronization, buffer received S bits, and buffer 
Q bits for transmission synchronized to the received 
multiframe. 


ELECTRICAL CHARACTERISTICS 


Recommendation 1.430 describes in detail the electrical 
testing requirements of the S and T interfaces. Areas 
covered include the allowable phase jitter and deviation 
allowed from TE input to output, the allowable jitter out- 
put of the NT, and the waveforms and test conditions un- 
der which these measurements are made. The NT and 
TE input and output impedance requirements are strictly 
specified, as is the shape of the output waveforms and 
performance objectives in the presence of noise. A 
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detailed treatment of electrical compliance is given in 
a companion application note on S and T Interface 
Circuitry. 


POWER FEEDING ISSUES 


A key section of 1.430 deals with the requirements for 
power feeding and consumption. Tight restrictions on 
power consumption are defined for telephones that are 


designated to operate in “restricted,” or emergency 
power modes. For normal operation the power budget is 
more lenient, but a designer who wishes to add features 
to the basic telephone will need to plan power consump- 
tion carefully. These power targets create considerable 
challenges for IC and systems designers alike, and 
have a great impact on terminal design. Power issues 
are discussed in detail in companion notes on S and T 
Interface Power issues. 
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OL-S 


S2]0N uOHNeoddy NASI 






NT to TE 


48 bits in 250 microseconds 





Le F Le B1B18181B81B1B1B1 E D AF, N B2B2B8282B2B2B2B2 E D M B1B181B1B1B1B1B1 E D S B2B2B2B2B2B2B2B2E D LeF L 


2 bits offset 


F => 
L = 
D = 
E = 


Notes: 





framing bit . N- = bit set to abinary value N =F, (NT to TE) 
DC balancing bit (see section 6.3) 
D-Channel bit B1 = bit within B Channel 1 
D-echo-channel bit B2 = bit within B Channel 2 
Auxiliary framing bit A = bit used for activation 
(see section 6.3) S = the use ofthis bit is for further study 
M = Mulitiframing bit 


on 


. Dots demarcate those parts of the frame that are independently DC-balanced. 

2. The F, bit in the direction TE to NT is used as a Q-bit in every fifth frame if the 
Q-Channel capability is applied (see Section 6.3.3). 

3. The nominal 2-bit offset is as seen from the TE (I, in Figure 2/1.430). The corre- 

sponding offset at the NT may be greater due to delay in the interface cable and 

varies by configuration. 


Figure 3/1.430. Frame Structure at Reference Points S and T 


Table 2/1.430. Definition of INFO Signals (note 1) 


Signais from NT to TE Signals from TE to NT 
INFO 0 No signal INFO 0 No signal 
INFO 1 A continuous signal with the 
INFO 2 Frame with all bits of B, D, (note 2) following pattern: 
(note 3) and D echo channels set to Positive ZERO, negative ZERO, 
binary ZERO. Bit A set to six ONEs. 
binary ZERO. 
N and L bits set according to se me | | 


the normal coding rules. at af CCITT-62731 | | 


Nominal bit rate = 192 kbit/s 


INFO 4 Frames with operational data INFO 3 Synchronized frames with 
(note 3) on B, D, and D echo channels. operational data on B and D 
Bit A set to binary ONE. channels. 


Notes: 1. For configurations where the wiring polarity may be reversed (see Section 4.3), signals may be received with the 
polarity of the binary ZEROs inverted. All NT and TE receivers should be designed to tolerate wiring polarity 
reversals. 


2. TEs that do not need the capability to initiate activation of a deactivated |.430 interface (that is, TEs required to 
handle only incoming calls) need not have the capability to send INFO 1. In all other respects, these TEs shall be 
in accordance with Section 6.2. It should be noted that in the point-to-multipoint configuration, more than one TE 
transmitting simultaneously will produce a bit pattern as received by the NT and different from that described 
above, that is, two or more overlapping (asynchronous) instances of INFO 1. 


3. During the transmission of INFO 2 or INFO 4, the F, bits and the M bits from the NT may provide the Q-bit pattern 
designation as described in Section 6.3.3. 
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Event 
Power on and 
detection of 
Power 2 

notes 2 and 3 
Loss of 

power 


note 2 


Disappearance 
of Pawar S 


(note 3) 
PH Act Rea 


Expiry T3 
Rec. INFO 0 


Rec. any signal 
note 1 


Rec. INFO 2 
Rec. INFO 4 


Lost framing 


Notations 


/ 
| 
a, b; Fn 
PH-AIl 
PH-DI 
MPH-AI 
MPH-DI 
MPH-EI1 
MPH-EI2 
MPH-II(c) 
MPH-Ii(d) 
ST.T3 
Power S 
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Table 3/1.430. Activation/deactivation Layer 1 Finite State Matrix 
for TEs Powered from Power Source 1 or 2 































Identi- 
Awaiting fying 
Inactive | Sensing signal input 
F1 F2 


MPH-Ii(d) 
MPH-DI 










MPH- “) 
MPH-D 


MPH-DI 
PH-DI 
F3 F3 


=? 
MPH-II(d) 
a. 


ree 
ae Le a 
co 


“Ti — 

_ = 

— ~~ Ti 
©) 

fo] 


No change, no action 

Impossible situation 

Impossible by the definition of the Layer 1 service 
Issue primitives “a” and “b” and then go to state “Fn” 
Primitive PH-Activate Indication 

Primitive PH-Deactivate Indication 

Primitive MPH-Activate Indication 

Primitive MPH-Deactivate Indication 

Primitive MPH-Error Indication reporting error 
Primitive MPF-Error Indication reporting recovery from error 
Primitive MPH-intormation indication (connected) 
Primitive MPH-Information Indication (disconnected) 
Start timer T3 

Power Source 1 or Power Source 2 
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| Synchro- 


nized 






DEY 
MPH-D 
PH-DI 

F1 





MPH-lid) 
MPH-D 


MPH-DI 
PH-DI 
F3 


MPH-DI 
PH-DI 
F3 








Activated 









MPH Kd) 
MPH-D 







MPH-DI 
ith DI 









Lost 
framing 


F8 
INFO 0 


MPH-II(c) 
MPH-DI 
PH-DI 

F1 
MPH-lI() 
MPH-D 
PH-DI 

F1 


MPH-El1 
F6 


PH-Al 
MPH-AI 
MPH-EI1 
F7 


Table 4/1.430. Activation/deactivation Layer 1 Finite State Matrix for NTs 













Pending Pending 
State Name Inactive activation Active deactivation 
Event \ INFO | INFO 4 INFO 0 
Power on and detection 
of power S F2 
PH-Act Req Start timer T1 Start timer T1 
| G2 G2 


MPH-Deact Req 
Expiry T1 

(note 1) 

Expiry T2 (note 2 
Receiving INFO 0 
Receiving INFO 1 


Receiving INFO 3 


Lost framing 


G2 
/ 


/ 


MPH-DI; MPH-EI G1 
G2 (note 3 


Start timer T2 Start timer T2 | 
PH-DI; G4 PH-DI; G4 

Start timer T2 / — 
PH-DI; G4 


G1 


/ 


Stop timer T1 — 
PH-Al; MPH-AI 
G3 (note 4) 


/ MPH-DI; MPH-EI 
G2 (note 3) 


Notations 
_— No state change 
/ Impossible by the definition of peer-to-peer physical layer procedures or system internal reasons 
| impossible by the definition of the physical layer service 
a,b; Gn Issue primitives “a” and “b” and then go to state “Gn” 
PH-Al Primitive PH-Activate Indication 
PH-DI Primitive PH-Deactivate Indication 
MPH-AI Primitive MPH-Activate Indication 
MPH-DI Primitive MPH-Deactivate Indication 
MPH-EI Primitive MPH-Error Indication 


Primitives are signals in a conceptual queue and will be cleared on recognition, while the INFO signals are continuous 


signals that are available all the time. 


Notes: 1. Timer 1 (T1) is a supervisory timer that has to take into account the overall time to activate. This time includes 
the time it takes to activate both the ET-NT and the NT-ET portion of the customer access. ET is the exchange 


termination. 


2. Timer 2 (T2) prevents unintentional reactivation. Its value is 25 ms < value < 100 ms. This implies that a TE has to 
recognize INFO 0 and to react on it within 25 ms. If the NT is able to unambiguously recognize INFO 1, then the 


value of timer 2 may be 0. 


6.2 Activation/deactivation 
6.2.1 Definitions 
6.2.1.1 TE states 


6.2.1.1.1 STATE F1 (inactive): In this inactive state the 
TE is not transmitting. Inthe case of locally powered TEs 
that cannot detect the appearance/disappearance of 
Power Source 1 or 2, this state is entered when local 
power is not present. For TEs that can detect Power 
Source 1 or Power Source 2, this state is entered when- 
ever loss of power (required to support all TEI functions) 
is detected, or when the absence of power from Source 
1 or 2, whichever power source is used for determining 
the connection status, is detected. 


6.2.1.1.2 STATE F2 (sensing): This state is entered af- 
ter the TE has been powered on but has not determined 
the type of signal (if any) that the TE is receiving. 


6.2.1.1.38 STATE F3 (deactivated): This is the deacti- 
vated state of the physical protocol. Neither the NT nor 
the TE is transmitting. 


6.2.1.1.4 STATE F4 (awaiting signal): When the TE is 
requested to initiate activation by means of a PH- 
Activate Request primitive, it transmits a signal (INFO 1) 
and waits for a response from the NT. 


6.2.1.1.5 STATE F5 (identifying input): At the first 
receipt of any signal from the NT, the TE ceases to 
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transmit INFO 1 and awaits identification of signal INFO 
2 or INFO 4. 


6.2.1.1.6 STATE F6 (synchronized): When the TE re- 
ceives an activation signal (INFO 2) from the NT, it re- 
sponds with a signal (INFO 3) and waits for normal 
frames (INFO 4) from the NT. 


6.2.1.1.7 STATE F7 (activated): This is the normal ac- 
tive state with the protocol activated in both directions. 
Both the NT and the TE are transmitting normal frames. 


6.2.1.1.8 STATE F8 (lost framing): This is the condition 
when the TE has lost frame synchronization and is 
awaiting re-synchronization by receipt of INFO 2 or 
INFO 4, or deactivation by receipt of INFO 0. 


6.2.1.2 NT states 


6.2.1.2.1 STATE G1 (inactive): In this deactivated 
state, the NT is not transmitting. 


6.2.1.2.2 STATE G2 (pending activation): In this par- 
tially active state, the NT sends INFO 2 while waiting for 
INFO 3. This state will be entered on request by higher 
layers by means of a PH-Activate Request primitive, or 
on the receipt of INFO 0 or lost framing while in the ac- 
tive state (G3). Then the choice to eventually deactivate 
is up to higher layers within the NT. 


6.2.1.2.3 STATE G3 (active): This is the normal active 
state where the NT and TE are active with INFO 4 and 
INFO 3, respectively. A deactivation may be initiated by 
the NT system management by means of an MPH- 
Deactivate Request primitive, or the NT may be in the 
active state all the time, under non-fault conditions. 


6.2.1.2.4 STATE G4 (pending deactivation): When the 
NT wishes to deactivate, it may wait for a timer to expire 
before returning to the deactivated state. 
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CCITT G.714 CODEC Testing Tutorial 


The incorporation of ISDN voice capabilities into terminal and computer equipment 
presents many engineers with new terminology and testing ideas. A briefoverview of 
CCITT Recommendation G.714 is helpful in gaining familiarity with the concepts of 


codec performance testing. 


INTRODUCTION TO G.714 


There does not yet exist a single comprehensive CCITT 
recommendation for testing codec and audio perfor- 
mance in the ISDN environment, and many systems 
vendors are using selected portions of CCITT G.714 as 
a basis for evaluating components. In fact, the transmis- 
sion characteristics of the Am79C30A datasheet are 
based upon G.714. As will be seen in the following sec- 
tions, only portions of G.714 are applicable to ISDN ICs, 
since G.714 was defined to specify performance of A/D 
and D/A conversions in a four-wire central office trunk 
environment. In such mixed analog and digital systems, 
a voice signal may pass through multiple A/D and D/A 
conversions; for instance, a signal may spend part of its 
time on analog frequency division multiplexed micro- 
wave channels and part of its time on digital T1 chan- 
nels. Because of the wide variation in analog phone line 
characteristics and the cumulative effects of multiple 
A/D and D/A conversions, G.714 is a fairly stringent 
specification. Introduced in 1984 as an extension to the 
1972 CCITT G.712 recommendation, G.714 specifies 
performance for send and receive sides (half channels) 
separately whereas G.712 specifies the performance of 
PCM connections from analog port to analog port (full 
channel). The intention is that any combination of trans- 
mitter and receiver that meet G.714 will be guaranteed 
to meet G.712 when cascaded, avoiding the possibility 
of offsetting errors in sender and receiver. At the current 
time, G.714 is applied to the ISDN environment due to 
the lack of a more relevant specification; it is expected 
that evolving CCITT recommendations will specify the 
requirements of the ISDN environment as a combina- 
tion of codec performance and handset acoustics. 


The introductory section of G.714 defines two terms that 
are used in the recommendation. A “standard send side” 
is a hypothetical ideal A/D converter preceded by an 
ideal low-pass filter. Similarly, a “standard receive side” 
is a hypothetical ideal D/A converter followed by an ideal 
low-pass filter. Typically, these devices are simulated by 
digital transmission test sets. Furthermore, where a 
nominal reference frequency of 1000 Hz is mentioned, 
the actual frequency chosen should be in the range of 
1004 to 1020 Hz. 


Publication # Rev. Amendment Issue Date: 
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SECTION 2: ADJUSTMENT OF 
RELATIVE LEVELS 


Section 2 of G.714 specifies the adjustment of absolute 
gain and load capacity. To measure the absolute gain of 
the transmitter, a0-dBm0 analog signal at a nominal fre- 
quency of 1000 Hz is applied to the input, and the PCM 
output level must be 0+0.3 dBm0. The 0-dBm0 level is 
approximately 3 dB below the peak PCM code and is in- 
tended to represent the normal peak signal level. The 
extra 3 dB is to allow some headroomto prevent clipping 
under normal operating conditions. It is important to 
note that “dBm0O” is a relative measure; the exact rms 
voltage corresponding to the 0-dBm0 level varies from 
one system to another. In an analog transmission sys- 
tem environment, the 0-dBm0 point is chosen to repre- 
sent a desired relation between the PCM codes on the 
codec digital interface and the corresponding analog 
levels onthe system trunk interface. In an ISDN environ- 
ment, the digital and analog conversions take place ina 
telephone environment and not a trunk environment. 
The absolute gain measurement is often applied as a 
component specification of part-to-part variation, but a 
true system specification for the ISDN environment 
would provide a specific relation between PCM codes 
on the codec digital interface and the corresponding 
acoustic levels on the telephone handset. It is crucial 
to carefully consider the scope and applicability of sys- 
tem specifications when applying them as component 
specifications. 


The load capacity for the transmitter is checked by ap- 
plying a sine wave of nominal frequency, 1000 Hz, to the 
input, and increasing the input level until the first occur- 
rence of both the positive and negative full-scale PCM 
values. A value of 0.3 dB is added to this input level to 
compensate for the last PCM step, and the resultant 
value should be within +0.3 dB of the theoretical full 
scale. 


The receive side absolute gain is checked by applying a 
sequence of PCM codes corresponding to a 0-dBm0 
sine wave, and verifying that the resultant analog output 
level is 0+0.3 dBm0. 
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SECTIONS 3, 4, 5, AND 6 


Section 3 of G.714 describes level measurement stabil- 
ity requirements with respect to power supply and tem- 
perature variations, but does not specify the actual per- 
mitted variations. Careful selection of both active and 
discrete components should guarantee compliance with 
this system specification. 7 


Sections 4 and 5 of G.714 specify the nominal four-wire 
input and output impedance, return loss, and longitudi- 
nal balance requirements of analog lines—parameters 
that are not directly relevant to the ISDN environment. 
Similarly, Section 6 deals with the signal levels that 
should be present at the interface between a four-wire 
trunk and frequency division multiplexed equipment, 
which is obviously not directly relevant to the ISDN 
application. 


SECTIONS 7 AND 8: 
ATTENUATION AND GROUP DELAY 


Section 7 of G.714 specifies a template for gain versus 
frequency performance, which is illustrated in Figure 
2/G.714 at the end of this application note. It may be 
seen that this template is relatively flat between 300 and 
2400 Hz, the usable audio range. Increased attenuation 
is allowed below 200 Hz to help filter 50- and 60-Hz 
power-supply harmonics, and the requirements are re- 
laxed above 2400 Hz to allow a low-pass filter roll-off to 
be implemented in a practical fashion. The test is per- 
formed at a preferred power level of -10dBm0, although 
0 dBm0 is considered acceptable. The nominal 0-dB ref- 
erence point is at 1000 Hz. 


Section 8 of G.714 specifies a template for group delay 
distortion, and also specifies that the absolute group de- 
lay for transmitter and receiver should not exceed 360 
and 240 microseconds, respectively, when measured at 
the frequency that has minimum group delay. The tem- 
plate allows for increased group delay at the upper and 
lower limits of the voiceband to allow out-of-band at- 
tenuation requirements to be met with simpler filters. As 
in the previous test, the preferred input power level is 
-—10dBm0, but 0 dBm0 is an acceptable alternative. The 
group delay distortion template is illustrated in Figure 
3/G.714 on page 16. 


SECTIONS 9-13: NOISE MEASUREMENT 


Section 9 of G.714 specifies that with the input of the 
send side terminated with a nominal 600-ohm imped- 
ance, the measured idle channel noise should not ex- 
ceed —66 dBmOp. Similarly, Section 10 states that the 
noise contributed by the receiver should not exceed —75 
dBmOp when its input is driven by either PCM 0 (y-law) 
or PCM 1 (A-law). A value of -75 dBm0p means that the 


noise should be attenuated 75 dB relative to the 0-dBm0 
point, and adjusted by a psophometric noise weighting 
curve. The psophometric curve is widely used in Europe 
to combine the filtering effects of telephone handsets 
and subjective human hearing response. In North Amer- 
ica, a different curve called “C-message weighting” is 
used for the same purpose. 


Sections 11 and 12 of G.714 define limits for the rejec- 
tion and prevention of out-of-band noise. Section 11 re- 
quires that any sine wave of frequency greater than 4.6 
kHz at the input of the send side should not result in any 
in-band signal greater than 25 dB below the level of the 
test signal. Furthermore, “under the most adverse prac- 
tical network conditions” of out-of-band noise, the PCM 
channel should not contribute more than 100 pWOp of 
additional noise in the band 0—4 kHz at the channel out- 
put. This requirement is intended as a guideline and is 
not applicable as a component specification since the 
test conditions are not explicit. The unit pWOp refers to 
picoWatts of power, referenced to the 0-dBm point and 
adjusted by a psophometric noise filter. For the receive 
side, Section 12 indicates that a 0-dBm0 digitally simu- 
lated sine wave in the range of 300 to 3400 Hz should 
not result in any spurious out-of-band image signals 
greater than —25 dBm0. 


In addition to the total noise power specifications, Sec- 
tion 13 requires that no single frequency from the send 
or receive side should exceed —50 dBm0. 


SECTIONS 14 AND 15: 
STD AND GAIN TRACKING 


For signal-to-distortion testing, Section 14 of G.714 rec- 
ommends two alternative methods that are not exactly 
equivalent: sine wave testing (Method 2) and noise- 
based testing (Method 1). It is stated that Method 1 
“gives fairly smooth curves, not very dependent upon in- 
put signal level. The sine wave method can be more 
sensitive in identifying possible localized codec im- 
perfections. Thus the two methods respond to practi- 
cal codec impairments in slightly different ways.” The 
G.714 specification allows regulatory administrations to 
choose between either or both of these methods. For 
sine wave testing, the test signal used is a nominal 420-, 
820-, or 1020-Hz waveform. For noise-based testing, a 
particular pseudorandom sequence of tones is used. 
There are two different templates for send and receive in 
noise-based testing, whereas a single template applies 
for sine wave testing. 


A similar situation exists for the measurement of gain 
variation with respect to input level, commonly referred 
to as gain tracking. A choice is given between noise- 
based testing or sine wave testing, with different tem- 
plates for each method. 
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The various templates for STD and gain tracking are at- 
tached in G714 Figures 4a, 4b, 5, 6, and 7. 


SECTIONS 16—18: 
CROSSTALK AND SIGNALING 


Since G.714 was written to specify four-wire analog 
trunks, a variety of crosstalk tests are defined in Sec- 
tions 16 and 17 to limit the crosstalk between send and 
receive channels, and between individual channels of a 


dB 
0.9 





multiplex group. These measurements do not directly 
apply to the ISDN environment. Moreover, in a tele- 
phone application, the designer will deliberately mix a 
large sidetone signal into the receive path from the 
transmit path. 


Section 18 of G.714 deals with interference from sig- 
naling, which is not directly relevant to the ISDN 
environment. 


(see note) | 





3400 3600 Hz 


0 200 300 1000 2400 3000 
Frequency (f) 


CCITT-46047 
Figure 2/G.714. Attenuation/Frequency Distortion 


Note: In some applications in which several PCM channels may be connected in tandem, it may be necessary to extend the 
+0.25-dB limit from 2400 Hz to 3000 Hz. 
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Signal to total distortion ratio 








Gain variation 
Gain variation 





-—10 +3 dBm0 
Input level 
b. Sinusoidal test signal 
—45 -40 —30 0 dBm0 —56 —50 —40 ~10 dBm0 
Input level CCITT-46061 Input level CCITT-27855 


a. Noise test signal 


Figure 5/G.714. Signal-to-Total Distortion 


as a Function of the Input Level Figure 6/G.714. Variation of Gain with Input Level 
(Method 2), Send and Receive Side (Method 1) 


Input 
level 


Gain variation 


CCITT-67340 





Figure 7/G.714. Variation of Gain with Input Level 
(Method 2) 
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Am79C30A Carbon Handset Interface 


The carbon-type microphone was for many years the standard choice for telephone 
design. Although it is being supplanted by electret and dynamic microphones, the 
carbon microphone still offers advantages of user acceptance, mechanical reli- 


ability, and ease of interface. 


The accompanying schematic illustrates that a carbon 
handset may be interfaced to the Am79C30A DSC us- 
ing only a few discrete components. The receive path 
from the DSC EAR1 and EAR2 outputs to the handset 
speaker is particularly simple, consisting of a pair of 
510-ohm resistors. A pair of resistors was chosen in- 
stead of a single 1.1-kohm resistor to provide current 
limiting protection on both EAR outputs in case the user 
connects something other than a handset to the connec- 
tor. The 510-ohm series resistors were selected to pro- 
vide a subjective comfortable listening level with the 
DSC gains set at 0 dB. This design was implemented 
using an ITT 6544-0M2 handset, and it is important to 
note that the series resistor values may vary depending 
upon the handset manufacturer. Some further adjust- 
ment of the series resistance may be needed for compli- 
ance with applicable sound pressure level tests, de- 
pending upon the application. Note that the total 
resistance seen between the EAR1 and EAR2 outputs 
must be greater than 540 ohms, which is the maximum 
drive capability of the EAR outputs. The LS outputs are 
provided for lower impedance loads, such as loud- 
speakers, and are capable of driving a 40-ohm load. The 
GER filter of the DSC may be used for volume control, 
but it is desirable to center the desired volume level us- 
ing the external resistance to make optimum use of the 
dynamic range of the digital signal processing. 


Am79C30A 
EARt 


EAR2 


AINA 


AREF 





0.01 HFT 


In the transmit path, the gain of the carbon microphone 
is determined by the series combination of the 120-ohm 
and 200-ohm resistors, which set the bias current pro- 
vided to the microphone. As was the case for the ear- 
piece, the gain was set to provide a subjective comfort- 
able volume level, and may require adjustment for a 
different manufacturer or if the application requires spe- 
cific acoustic testing. 


In all microphone circuits for the Am79C30A DSC, it is 
critical to ensure that the external circuitry does not con- 
tribute noise in the audio band. This is particularly true in 
personal computer applications, since the power sup- 
plies tend to be very noisy. The 200-ohm resistor and 
the 22-microfarad capacitor form a low-pass filter for the 
+5-V power supply, which reduces supply noise that 
would otherwise appear at the AINA input. If the power 
supply was quiet, the RC network would not be required 
and the 120-ohm and 200-ohm resistors could be re- 
placed by a single 320-ohm resistor. The .01-microfarad 
Capacitor is intended to filter out high-frequency noise 
from the microphone and is optional. The 0.22- 
microfarad capacitor provides DC blocking so that the 
100-kohm resistor may bias the AINA input from the 
analog reference AREF. 






Earpiece 


AGND = 
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Am79C30A 80188 Microprocessor Interface 


The 80188 is an excellent choice of microprocessor to use in conjunction with the 
Am79C30A DSC, since it integrates several useful peripherals and provides suffi- 
cient processing power to easily handle D-channel signaling and data processing. 
Spare processor bandwidth may be used to implement data processing capability 
for a B channel or to add other system features. 


The accompanying schematic illustrates the key com- 
ponents that are required to interface the 80188 micro- 
processor to the Am79C30A DSC. The Am79C30A pre- 
sents an iAPX-type interface, thus the DSC connects 
virtually directly to the microprocessor system. The 8-bit 
data bus is directly connected between the DSC andthe 
microprocessor; the CMOS design of the DSC and the 
high drive capability of the 80188 microprocessor make 
extra bus buffering unnecessary for most systems. The 
RD* and WR* control signals are also directly connected 
between the microprocessor and the DSC. A ’373-type 
transparent latch strobed by the processor’s ALE signal 
is used to demultiplex the low-order address bits, and 
the 3 least significant output bits of this latch are con- 
nected to the DSC. Generally, 80188-based systems re- 
quire this demultiplexing latch to interface to other pe- 
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ripherals and memory. The interrupt output of the DSC 
is active LOW, which necessitates an inverter before 
connection to an 80188 interrupt input. The DSC reset is 
provided by the reset output of the processor. The DSC 
chip select is provided by a peripheral chip select line 
fromthe 80188 microprocessor. The RD* and WR’® mini- 
mum LOW time for the DSC is 200 ns, which requires 
the peripheral chip select line to be programmed for in- 
sertion of one processor wait state for 10-MHz opera- 
tion. The DSC crystal in this application diagram is 
Saronix part number NYP-122-20, used in conjunction 
with two 30-pF load capacitors. If 10-MHz processor op- 
eration is not required, the DSC MCLK output may be 
used as the clock source for the processor to provide a 
wide range of frequencies under software control. 
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ISDN Reference Model Tutorial 


The ISDN reference model provides a topographical map of the network from the 
user to the telephone company’s switch. This map identifies equipment types and 


“reference points” throughout the network. 


BACKGROUND 


The basic structure of the Integrated Services Digital 
Network (ISDN) is specified in the CCITT 1.411 recom- 
mendation. The network architecture is rooted in the ex- 
isting analog telephone network, in that the digital por- 
tions of the present telephone network are based ona 
64-kb/s channel, where voice is digitized as 8000 8-bit 
words per second. In general ISDN retains this basic 
64K rate, but allows it to be used for either voice or data. 


ISDN service is divided into two classes, basic rate and 
primary rate. The basic rate service provides two 
64-kb/s channels for either voice or data—referred to as 
bearer, or B, channels, and a 16-kb/s signaling/data 
channel, labeled the D channel, for call control and low 
speed, up to 9600-b/s packet data. This “2B plus D” ca- 
pability is the standard service provided to the user, that 
is, a telephone jack on the office wall provides the basic 
rate interface. Primary rate service provides a combina- 
tion of 23 B channels and one 64-kb/s D channel (in 
Europe, primary rate service is 30 B channels plus one 
D channel because the European inter-office trunk net- 
work is based on a 2.048-megabit-per-second data rate 
instead of the 1.544-megabit-per-second rate used in 
North America). This “23B plus D” service is used pri- 
marily to connect PABXs to central offices and main- 
frame (or mini) computers. The general idea is that the B 
channels from all of the basic rate interfaces are gath- 
ered by the switch, PABX, or central office (Centrex 
service) and (1) routed within the switch to other local 
basic rate interfaces, (2) routed to distant basic rate in- 
terfaces via other switches and primary rate inter-switch 
trunk lines, or (3) concentrated and routed to a local or 
remote computing facility via primary rate lines. There 
are other options, such as providing primary rate service 
to the user’s desk, but the options listed above are the 
predominant configurations. 


The bandwicth of the primary rate interface can be parti- 
tioned in ways other than 23B plus D. For instance, one 
D channel can support its associated 23 Bchannels plus 
24 B channels from each of an additional three primary 
rate interfaces. Alternately, the bandwicth of the primary 
rate channel can be partitioned into four 384-kb/s “HO” 
channels, or one 1.536-megabit-per-second “H11” 
channel (1.92-megabit-per-second “H12” in Europe). 
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HO channels can be used in combination with 64-kb/s B 
channels on the same primary rate line. 


ISDN LANDSCAPE 


Independent of whether basic or primary rate service is 
provided, the network topography from the desk top to 
the switch is the same. Figure 1 shows this topography, 
identifying specific classes of equipment that make up 
the network. In addition, certain “reference points” are 
defined that represent various interfaces. At each of 
these reference points the CCITT has established, or is 
in the process of establishing, standards for both hard- 
ware and software. 


EQUIPMENT CLASSIFICATION 


The equipment that makes up the network is classified 
based on function and location within the network. Start- 
ing from the network and moving toward the user we 
have the Line Termination (LT), which is located in the 
telephone company’s switch, often at the central office. 
The LT performs Layer 1 functions forB and D channels, 
plus D-channel Layer 2 and 3 functions. Directly down- 
stream of the LT is the Network Termination (NT). There 
are two types of NTs: NT1 and NT2. The NT1 performs 
such functions as line-length extension (repeaters) and 
two- to four-wire conversion (U to S interface). A key 
characteristic of NT1 devices is that they only deal with 
Layer 1 of the OSI seven-layer model. NT2s are intelli- 
gent, and actively participate in the call routing/control 
process. PABXs and line concentrators are examples of 
NT2 devices (a PABX actually contains both an NT1 and 
an NT2, with the T reference point being contained inter- 
nal to the switch). Additionally, NT2 devices can be con- 
nected to multiple types of ISDN lines simultaneously. 
One important aspect of NT devices is that they often 
form the boundary between equipment owned by the 
customer and equipment owned by the telephone com- 
pany. Farther downstream is the Terminal Equipment 
(TE). TEs represent computers, telephones, data termi- 
nals, and so on that are directly compatible with the 
ISDN. The last class of equipment is the Terminal 
Adapter (TA). TAs are the “box modems” of the ISDN 
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world. They provide for the connection of non-ISDN- 
compatible equipment to the network, that is, existing 
equipment. 


REFERENCE POINTS 


R Reference Point—The R reference point establishes 
the boundary between non-ISDN-compatible equip- 
ment and the network. Terminal Adapters (TA) are used 
to convert the communication protocol used by the non- 
ISDN-compatible terminal to the desired basic rate or 
primary rate protocol. It should be mentioned at this 
point that the network does not specify the data protocol 
used on either the B or H channels; all the network sees 
is a stream of bits. As a practical matter, however, stan- 
dard protocols such as V.110, V.120, and X.25 will be 
used. 


S Reference Point—The S reference point provides 
the connection between the NT2 equipment and the ter- 
minal (TE) or terminal adapter (TA). If no NT2 is present, 
there is no S reference point. In this case the TE or TAis 
connected directly to an NT1 device, and the interface is 
designated as a T reference point. Both primary rate and 
basic rate services can be provided at the S reference 
point. 


It should be noted that it is common to refer to the four- 
wire basic rate service specified by CCITT recommen- 
dation 1.430 as S interface service. While it is true that 
the S reference point is most often implemented in this 
way, a two-wire basic rate interface or primary rate inter- 
face can also be used at the S reference point. Addition- 
ally, the four-wire interface can be used to provide the U 
reference point. To keep the ISDN “alphabet soup” 
straight, it is important to remember that the various ref- 
erence points identify the Connection points between 
equipment classes and not the specific implementation 
or protocol of the interconnection. 


T Reference Point—in addition to the connection of 
TAs and TEs to NT1 equipment, the T reference point 


provides the connection between an NT1 andanNTf2. In 
a PABX, for example, the line circuit that connects to the 
network in the upstream direction (U reference point) 
provides the NT1 function, and the line circuit that con- 
nects to the TE or TA equipment (S reference point) pro- 
vides the NT2 function. The T reference point in this 
case is internal to the PABX. 


U Reference Point—The U reference point connects 
the LT to the NT1. Normally, a two-wire basic rate inter- 
face or a primary rate line is used, but the four-wire basic 
rate interface can also be used. 


NETWORK TIMING 


System Clock—The entire digital portion of the tele- 
phone network is synchronized to a master clock. This 
clock is passed from toll offices to central offices to 
PABXs down to the terminal equipment. This upstream 
to downstream flow of clocking information is required to 
maintain constant data rates throughout the network. It 
is the responsibility of any downstream device to re- 
cover the network clock from the data coming from the 
upstream switch. Data that is transmitted farther down- 
stream is transmitted synchronously with respect to this 
recovered clock. 


Slave/Slave Applications—A clock synchronization 
problem can arise on the trunk side of NT2 devices (side 
connected to the upstream device). The Layer 1 trans- 
ceiver on the trunk-side line card recovers the network 
clock from the data on the line from the central office 
(this is how the PABX synchronizes to the network 
clock). The line card is said to be a “slave” to the net- 
work. The line card is also connected to the PABX’s in- 
ternal data highway (PCM Highway), which provides its 
own clock. Thus, the line card is also a “slave” to the 
PCM Highway. A synchronization problem exists since 
these two clocks are not necessarily locked in phase 
and frequency. To resolve this conflict, data buffering 
must be provided on the line card to absorb the 
mismatch. 
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Am79C30A/32A DSC FIFO Handling 


The Am79C30A Digital Subscriber Controller contains 2 data FIFOs and 3 status 
FIFOs to improve the throughput of packet transmission and reception. While the 
basic operation of the FIFOs is straightforward, there are some “tunable” parame- 
ters that can be programmed to increase performance. 


GENERAL FIFO OPERATION 


The Am79C30A Digital Subscriber Controller (DSC) 
has two 8-byte data FIFOs: one for the transmission of 
data and one for the reception of data. in addition to the 
data FIFOs there are three 2-byte-deep status FIFOs; 
the D-Channel Receive Byte Count Register (DRCR), 
the Address Status Register (ASR), and the D-Channel 
Error Register (DER). These 2-byte status FIFOs make 
it possible to receive two back-to-back data packets. 
The data FIFOs are very useful in the transmission and 
reception of LAPD packet data via the ISDN S interface. 
In this scenario the minimum and maximum packet 
sizes are defined, but the actual length of the packets 
may vary between these two extremes. During data 
transmission, the packet data is initially stored in local 
RAM and the processor is used to move the data from 
memory into the DSC transmit FIFO. When packet re- 
ception is in progress, the processor is used to move 
data from the DSC receive FIFO into local memory. Ex- 
cept for the initial 8 bytes loaded into the transmit FIFO, 
all FIFO servicing is handled from an interrupt service 
routine. Due to the importance of receiving and transmit- 
ting data, FIFO handling is given top priority in the inter- 
rupt service routine. 


To be able to transmit and receive data packets longer 
than 8 bytes, some mechanism must be available to effi- 
ciently fill and empty the FIFOs. The solution provided 
by the Am79C30A DSC is programmable thresholds. 
When the number of bytes in the transmit FIFO is re- 
duced to a preprogrammed level as a result of data 
transmission, an interrupt is generated to alert the pro- 
cessor to the fact that the FIFO needs to be filled. Simi- 
larly, when the number of bytes in the receive FIFO 
grows to a preprogrammed level as a result of data re- 
ception, the processor is alerted to the fact that the FIFO 
needs to be emptied. 


The values that may be programmed into the transmit 
FIFO threshold are 1, 2, 4, or 8 empty bytes. The values 
that may be used forthe receive FIFO threshold are 1, 2, 
4, or 8 bytes. A good way to handle data transmission 
through the FIFO is as follows. At the start of a packet 
transmission, the transmit FIFO is initially filled with 8 
bytes of data, and transmission is started by writing the 
Transmit Byte Count Register. One point to be empha- 


sized here is that if the Transmit FIFO is initially loaded 
with a number of bytes less than or equal to the Transmit 
Threshold, a Transmit Threshold interrupt will be gener- 
ated when the Transmit Byte Count is written. In all other 
cases, the threshold interrupts occur only when the 
number of bytes contained in the FIFO changes to the 
level programmed in the threshold register. In the case 
where the transmit FIFO threshold is programmed to 4 
empty bytes, a Transmit Threshold interrupt is gener- 
ated after 4 bytes have been transmitted, indicating that 
there are now 4 empty bytes in the transmit FIFO. The 
DSC transmitter does not stop transmission, so the 
processor must begin filling the FIFO within four byte- 
transmission times (approximately 2 milliseconds) or 
underrun will occur. When the processor is refilling the 
FIFO, it performs write operations until bit 4 of the D- 
Channel Status Register 2 (Transmit Buffer Available) 
indicates that the FIFO is completely full. At this point, 
the interrupt service routine is exited, and the processor 
is free to perform other functions. See the sample 
source code for the Transmit FIFO Handler later in this 
technical note. 


In the situation where the receive FIFO threshold is 4 
bytes, an interrupt will be generated to the processor af- 
ter 4 bytes have been received. To prevent overrun, the 
processor has approximately four byte-reception times 
(2 milliseconds) to begin reading information out of the 
FIFO. The processor should continually read the FIFO 
until bit 1 of the D-Channel Status Register 2 indicates 
that the FIFO is empty, or bit 0 of the DSR2 indicates 
that the last byte of the received packet has been read. 
The processor is then free to perform other functions. 


The transmit and receive threshold values are “tunable” 
variables and depend upon the specific application. For 
example, experience has shown that threshold values 
of 4 are the most conservative choices. These values al- 
low the processor a great deal of time to respond to the 
interrupt while also allowing the processor ample time to 
perform other tasks between interrupts. A transmit 
threshold of 4 empty bytes and a receive threshold of 4 
bytes is a good starting point for handling the data 
FIFOs. These values may then be tuned as system per- 
formance dictates. When transmitting packets signifi- 
cantly larger than 8 bytes, however, the best system 
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performance may be achieved by programming the 
transmit FIFO threshold with 8 empty bytes and the re- 
ceive FIFO threshold with 8 bytes. This situation results 
ina minimum amount of total time spent in the interrupt 
service routine while maximizing the amount of work 
done while actually in the interrupt service routine. The 
trade-off is that the system must be capable of respond- 
ing to the threshold interrupt quickly enough (375 micro- 
seconds for transmit and 425 microseconds for receive) 
to prevent FIFO overrun and underrun. 


DLC INTERRUPTS 


Numerous interrupts are associated with the operation 
of the Data Link Controller (DLC), but not all of them 
need be enabled in every application. It is normally suf- 
ficient to enable interrupts for End of Valid Transmit 
Packet, End of Receive Packet, Transmit Threshold, 
Receive Threshold, and any D-Channel Error condi- 
tions that are pertinent to the application. This set of in- 
terrupts will allow the DSC to monitor all the events that 
arise during the course of packet data transmission and 
reception. 


End of Receive Packet Interrupt 


When an End of Receive Packet (EORP) interrupt oc- 
curs, it will appear in the Interrupt Register as a D-Chan- 
nel Status Register 1 (DSR1) interrupt. An EORP inter- 
rupt signifies that a closing flag has been received. Note, 
however, that the receive FIFO may still contain data 
fromthis received packet, and the number of bytes inthe 
FIFO may not be enough to trigger the threshold inter- 
rupt. The D-Channel Status Register 2 (DSR2) bit 1 will 
indicate whether data to be read is still in the Receive 
FIFO. Any data remaining in the Receive FIFO must be 
read out 1 byte at atime until DSR2 bit 0 is set, indicating 
that the last byte of the receive packet has been read. 
Note that the Last Byte of Receive Packet status goes 
active after the byte has been read. 


Reading the last byte of the receive packet causes the 
D-Channel Error Register (DER) to propagate to the top 
of the 2-byte DER FIFO, which in turn updates the D- 
Channel Status Registers and the Interrupt Register. It 
is important to read DER, DSR1, DSR2, and the 
Address Status Register (no required order) before 
reading the D-Channel Receive Byte Count Register 
(DRCR). Reading the MSB of the DRCR causes the 
next receive byte count and associated Address Status 
Register byte to propagate to the output of their respec- 
tive 2-byte FIFOs, causing the D-Channel Status Regis- 
ters and Interrupt Register to be updated. At this point, 
the D-Channel Error Register should be checked to de- 
termine if any receive error conditions, such as Overflow 
or Overrun, exist. 





End of Transmit Packet Interrupt 


When a packet is to be transmitted, the Transmit FIFO is 
ioaded with a number of bytes, normally 8 for packets 
larger than 8 bytes. The D-Channel Transmit Byte 
Count Register (DTCR) is then written, because writing 
the MSB of the DTCR causes transmission to begin. If 
the FIFO is not preloaded, the software has to respond 
very quickly when the DTCR is written to prevent under- 
run. When the MSB of the DTCR is written, the transmit- 
ter will first ensure that it has access to the D channel, 
and then it will transmit an opening flag. If no data is in 
the FIFO after the opening flag has been transmitted, an 
underrun will occur and be followed by a transmit abort. 
The FIFO then remains reset until the error condition is 
handled. 


The packet transmission will be handled by the interrupt 
service routine via the Transmit Threshold interrupt until 
the last byte of the packet has been transmitted. When 
the closing flag is transmitted, an End of Valid Transmit 
Packet interrupt will occur to alert the application soft- 
ware that the transmitter is now available for new trans- 
missions. Care must be taken to keep track of how many 
bytes have been written to the Transmit FIFO, because 
the D-Channel Transmit Byte Count Register contains 
the number of bytes that are actually left to be transmit- 
ted, including the bytes in the FIFO. This means that 
software should keep track of how many bytes have 
been written to the FIFO, and it should stop transferring 
to the FIFO when the total number of bytes have been 
written. See the Interrupt Service Routine Transmit 
FIFO Handler sample code for an example of how this 
might be handled. After writing this last byte, the proces- 
sor will exit the interrupt service routine and perform 
other tasks until it receives the End of Valid Transmit 
Packet Interrupt. No FIFO cleanup is required when the 
End of Valid Transmit Packet occurs. The application 
usually will use this interrupt to inform higher level soft- 
ware that the transmitter is now available to send an- 
other packet. 


MISCELLANEOUS 


Simultaneous Receive Threshold and 
End of Receive Packet Interrupts 


When receiving a packet, it is possible for a Receive 
Threshold interrupt and an End of Receive Packet inter- 
rupt to occur at the same time. For example, if the Re- 
ceive Threshold was programmed for 4 bytes and the 
last 4 bytes of a packet are received, the Receive 
Threshold and the End of Receive Packet interrupts will 
occur simultaneously. The interrupt service routine will 
have to handle both of these interrupts. Assuming the 
Receive Threshold is at a higher priority in the interrupt 
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service routine than the End of Receive Packet, the Re- 
ceive Threshold will get serviced first. The receive 
threshold service routine will be responsible for reading 
the remaining bytes out of the receive FIFO. After the 
last byte of the receive packet is read, a flag should be 
set by the application software indicating all bytes of the 
current packet have been read. (See the rcvstatus soft- 
ware register in the Receive FIFO Handler source code 
example.) When the End of Receive Packet interrupt is 
serviced, the rcvstatus software register will be checked 
to determine if any bytes from the current packet are still 
in the FIFO. When this flag bit is set in the rcvstatus reg- 
ister, the interrupt service routine knows not to read any 
more bytes. The Receive Byte Available bit in DSR2 
cannot be used for this purpose, because there may be 
more bytes in the FIFO that belong to the next packet. 


Terminated Data Packets 


Packet transmission and reception may be terminated 
in many ways, and this situation must be handled differ- 
ently depending upon whether transmission or recep- 
tion was terminated. For example, a packet being trans- 
mitted may be intentionally aborted by the application 
software, or the abort may be the result of an error con- 
dition, such as underrun, which terminates the packet 
transmission. To intentionally abort the transmission, a 
binary 1 must be written into bit 7 of the Initialization 
Register. Be sure to write a binary 0 into bit 7 any time 
after writing the 1, or the Am79C30A will continually is- 
sue abort characters and will be unable to begin trans- 
mission of the next packet. The transmit data FIFO and 
all of its internal pointers are reset when a transmit abort 
occurs. The transmit FIFO will remain in this reset condi- 
tion until DSR1 and DER are read or the D-Channel 
Transmit Byte Count Register is written to begin a new 
transmission. 


The case of the receive abort is a bit more complicated 
because the receive FIFO is capable of holding more 
than one packet at a time. A perfectly good packet may 
be in the receive FIFO and then an error condition can 
occur during reception of the next packet. The errone- 
ous packet reception will be terminated, but the initial 
packet should remain intact. The current packet recep- 
tion can be intentionally aborted by writing a binary 1 to 
bit 6 of the Initialization Register. After 60 microseconds 
to allow for the abort, a binary 0 must be written into bit § 
or the Am79C30A will continue to abort incoming data. 
Any time a receive error or intentional abort occurs, the 
bytes that are already in the receive FIFO will remain 


there. The only way to remove this data is to read the 
bytes out one at a time or place the Am79C30A in idle 
mode. Placing the part in idle mode is normally much too 
drastic a measure to take, because it essentially halts all 
functions of the part except LIU activation detection. 
This means that any voice connection, data transmis- 
sion, and data reception will be terminated. If it is possi- 
ble that the bytes in the FIFO are valid data, then the 
FIFO must be read as normal and the data transferred to 
local memory for storage. If it is known that a//the data in 
the FIFO are garbage, then the data may be read out of 
the FIFO and discarded until the FIFO is empty. To de- 
termine if the FIFO is empty, bit 1 of the D-Channel 
Status Register 2 (Receive Byte Available) must be 
monitored until it indicates that no more bytes are avail- 
able. After reading out the data in the FIFO, the applica- 
tion may have a need for the contents of the status and 
error registers. Whether or not the status and error reg- 
isters are read, the DRCR must be read to bring the re- 
ceive FIFO out of the aborted state. This is normally 
done anyway when an error Condition occurs, so it will 
not impact performance. The receiver will then go back 
to searching for an opening flag for the next incoming 
data packet. 


Last Byte Transmitted Interrupt 


The Last Byte Transmitted (LBT) status indication is 
found in the D-Channel Status Register 2 (DSR2) bit 3, 
and it will generate an interrupt if the D-Channel Mode 
Register 3 (DMR3) bit 4 is set. The LBT status is gener- 
ated when the first bit of the last data byte is transmitted 
out of the transmit FIFO, and its most useful function is 
to provide the earliest possible indication that the FIFO 
is available to be loaded with another packet of data. 
Consider the case of back-to-back packets. As soon as 
the first bit of the last byte of data is transmitted to the S 
interface, the LBT status/interrupt will be generated. 
The remainder of the data byte, the 2-byte FCS, and the 
Closing flag must still be transmitted. In the time it takes 
for this transmission to take place, the Transmit Byte 
Count Register can be loaded with the value for the next 
packet, and the Transmit FIFO can begin being filled 
with new data. The result of this is that the closing flag 
for the first packet will be shared as the opening flag of 
the second packet. This would be the way to maximize 
the use of the available bandwidth. One very important 
item to note is that in this mode of operation, 
an End of Transmit Packet indication will not be gener- 
ated until the last back-to-back packet transmission is 
completed. 
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/* If XMT Threshold caused interrupt */ 
if (intstatreg & TTHRSH) { 
/* While transmit buffer available and all bytes not yet transmitted 
while ((rd_dsc(Dsc->dsr2) & TBA) && RAM->xmtcnt) { 
/* Write a byte from RAM to XMT FIFO */ 
wr dsc(DSC->d_buff, *Ram->xmtnexttt) ; 
/* Decrement transmit byte count */ 


Ram->xmtcnt--; 


INTERRUPT SERVICE ROUTINE 
TRANSMIT FIFO HANDLER 


/* if RCV Threshold caused interrupt */ 
if (intstatreg & RTHRSH) { 
/* Read the d-channel status register */ 
dsr2 = rd_dsc(Dsc->dsr2) ; 
/* While RCV Byte Available in FIFO */ 
while (dsr2 & RBA) { 
/* Read a byte from RCV FIFO and place it in local RAM */ 
*RAM->rcevfreet+ = rd_dsc(Dsc~>d_ buff); 
/* If last byte of RCV packet then */ 
if ((dsr2 = rd_dsc(Dsc->dsr2)) & LBRP 
{ 
/* Set status flag and break */ 


revstatus | = RCV_ FLAG; 
break; 


INTERRUPT SERVICE ROUTINE 
RECEIVE FIFO HANDLER 
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Link Layer Tutorial 


The functions performed by the OSI Data Link Layer (DLL) are described. An 
overview of the DLL’s role in the communication process is presented, as well as 
a description of the elements that implement the DLL functions. An explanation 
of the fundamental differences between X.25’s LAPB and ISDN’s LAPD is included, 
followed by a brief description of Frame Relay. 


DATA LINK LAYER OVERVIEW 


The Data Link Layer (DLL) is the second layer inthe OSI 
reference model. It provides services to the Network 
Layer (Layer 3) and uses the services provided by the 
Physical Layer (Layer 1). The functions performed by 
the DLL are independent of the network media (i.e., tele- 
phone wires, satellite, coaxial cables, fiber-optic lines, 
etc.) and deal only with the establishment and mainte- 
nance of the communication link connecting source and 
destination endpoints. 


In this application note, the terms “communication link” 
and “data link” will be used in describing the functions of 
the DLL. The distinction between the two can best be 
understood by using the telephone system as an exam- 
ple. In this case, a Circuit-switched point-to-point “com- 
munication link” is established when the remote party 
answers the telephone. The “data link” is established 
when both parties begin exchanging information. Each 
party can be viewed as a DLL entity implementing a sim- 
pis protocol for information exchange. Information be- 
tween the two parties, which may be conveyed in error 
or is simply unintelligible due to a poor connection, is 
corrected when one end of the “data link” asks the other 
end to repeat the information. If the connection is very 
poor, the “communication link” is terminated by hanging 
up. Thus, simply stated, the function of the DLL is to en- 
sure the error-free transfer of information across a com- 
munication link. 


In the telephone example cited, the exchange of infor- 
mation is always point-to-point, even though the routing 
of the connection may encompass more than one Cen- 
tral Oftice Exchange or “Hub.” in a Packet-Switched 
Network, however, all Hubs play an equally important 
role in ensuring the integrity of the data being sent/ 
received. As shown in Figure 1, data sent between 
source and destination nodes A and B may encompass 
more than one Hub. The communication links between 
Hubs are independent of one another, and each Hub in- 
corporates a DLL entity in the form of a protocol that es- 
tablishes the rules for proper data exchange. 


The information that determines which path is taken 
through the network, and hence the total number of 
communication links and data link entities involved, is 
embedded within defined bit fields of each data packet 
being transferred. It is the responsibility of the DLL to en- 
sure that this “Network Layer’ information and user data 
are transferred without error, and in proper sequence, 
from its source Hub (point A) to its destination Hub (point 
B). Each Hub along the path stores the packets and veri- 
fies their integrity before forwarding them to the next 
Hub. From this point of view, the DLL and the Network 
Layer can be thought of as always operating on a point- 
to-point basis, but with the Network Layer having the 
additional capability of routing data from an incoming 
point-to-point data link to an outgoing point-to-point 
data link. 


In the case where the destination node B resides ona 
multi-drop or multipoint link (Figure 2), Data Link 3 can 
be thought of as implementing individual point-to-point 
data links that are multiplexed over the same physical 
channei. in cases sucn as these where ithe muitipoint 
network is not geographically dispersed, the Network 
Layer is defined as being null (not implemented) since 
routing occurs at a higher layer. 


Examples of DLL protocols are Bisynchronous 
(BISYNC) and Synchronous Data Link Control (SDLC) 
of IBM’s SNA, Digital Data Communications Message 
Protocol (DDCMP) of DEC’s DECNET, Ethernet’s Local 
Area Network (LAN) IEEE 802 standard, and ISO’s 
High-level Data Link Control (HDLC), a subset of which 
is known as LAPB (Link Access Procedure Balance), 
and is the accepted DLL protocol of CCITT’s X.25 
packet switch specification. Both BISYNC and DDCMP 
are referred to as Character-Oriented Protocols (COP), 
and HDLC and SDLC are referred to as Bit-Oriented 
Protocols (BOP). The fundamental difference between 
the two is in the way Layer 3 data is enveloped before it 
is released to the physical layer. The material presented 
in this appplication note deals solely with the specifics of 
HDLC/SDLC. 
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The following sections define the structures used and 
functions performed by the DLL in more detail. 


THE DATA LINK LAYER 


Much like the partitioning found in the IEEE 802 LAN 
standard (IEEE 802 standard partitions its DLL into two 
sublayers: the Logical Link Control [LLC] and the Media 
Access Control [MAC] sublayers), the OSI’s DLL can 
also be viewed as consisting of two sublayers: the 
“frame” sublayer and the “sequence” sublayer. The 
frame sublayer deals with frame delineation, data trans- 
parency, and physical layer error detection; whereas 
the sequence sublayer deals with commands and re- 
sponses (the actual protocol) that are used in ensuring 
that the information arrives error free and in proper se- 
quence over the communication link. The frame sub- 
layer (sometimes referred to as Layer 2-) is specified in 
ISO-3309 High-level Data Link-Frame Structure, and 
the sequence layer (sometimes referred to as Layer 2+) 
is specified in |ISO-4335 High-level Data Link-Elements 
of Procedures. 


THE SEQUENCE SUBLAYER 


Two modes in the |SO-4335 document determine how 
the sequence layer is applied over the communication 
link. These two modes are: the Normal Response Mode 
(NRM) which is a procedure based on a master-slave 
principle using two types of stations, primary and sec- 
ondary, with different functional capabilities, and the 
Asynchronous Balance Mode (ABM) which is a proce- 
dure based on combined stations (stations with both 
master and slave capability). 


in NRM operation the primary station is responsible for 
data link connection, disconnection, and error recovery. 
Secondary stations only respond to commands from the 
primary and, in general, are not allowed to transmit un- 
less given permission to do so from the primary station. 
This mode of operation is commonly used in half-duplex 
and multipoint data links, and is the mode of operation 
most commonly found in IBM SNA environments. IBM’s 
SDLC implements a subset of the HDLC Elements of 
Procedures and can be found in IBM document 
GA27-3093-3. 


In ABM operation each station is responsible for data 
link connection, disconnection, and error recovery, and 
either station can transmit without permission from the 
other station. ABM stations always operate on a point- 
to-point basis and never multipoint. This HDLC mode of 
operation is the “sequence” sublayer specified in 
CCITT’s X.25 DLL specification, and is referred to as 
Link Access Procedure Balanced (LAPB). 


Embedded within the control field of every Layer 2 frame 
is a Poll (P)/Final (F) bit which is used by the sequence 
sublayer in maintaining the data link. This bit is used to 
solicit responses from another station. Its use, however, 


differs when operating in NRM or ABM (LAPB). In NRM 
acommand frame from the primary station with the P bit 
set causes the secondary station to initiate transmis- 
sion. A response frame from the secondary station with 
the F bit set indicates the final frame of transmission. 
Data transmission in NRM is always half duplex. In 
LAPB, however, a command frame from one combined 
station with the P bit set solicits a response frame from 
the remote station with the F bit set, but data transmis- 
sion occurs at full duplex. In both NRM and ABM, timers 
are started when a frame with the P bit set is sent, and 
error recovery procedures are instigated if a timeout oc- 
curs before a frame with the F bit set is received. 


THE FRAME SUBLAYER 


The frame sublayer deals with the frame structure used 
to transport Layer 3 data over the physical layer. It deals 
with frame delineation, the method used in achieving 
data transparency, and the algorithm (CRC) used for er- 
ror detection over the physical layer. 


Frame delineation is performed in both SDLC and 
HDLC by the use of an 8-bit flag character (01111110) 
that indicates the start and the end of a Layer 2 frame 
and determines the location of the address field, control 
field, and the first bit of the information field. The closing 
flag determines the location of the 16-bit Frame Check 
Sequence (FCS). In order to preclude the occurrence of 
flag characters between the opening and closing flags of 
a frame, all information between them is subjected to a 
0-bit insertion/deletion algorithm where the transmitter 
inserts a 0 bit immediately following the occurrence of 5 
consecutive 1 bits. The receiver then does the opposite 
by deleting any 0 bit that occurs after 5 consecutive 
1 bits. 


The address field is used for identifying source and 
destination endpoints on the data link, and for the proper 
interpretation of command or response frames. In 
LAPB, for example, the address field of a command 
frame transmitted to a remote station contains the ad- 
dress of the remote station, whereas the address field of 
a response frame transmitted from the remote station 
contains the address of that station. 


The control field conveys the functional operation of 
the data link in the form of commands and responses 
between Hubs. Examples of commands and responses 
(covered in ISO-4335) are Receiver Ready (RR), Re- 
ceiver Not Ready (RNR), Set Asynchronous Balance 
Mode (SABM), and Disconnect (DISC) for commands 
and RR, RNR, and Disconnected Mode (DM) for re- 
sponses. Thus, it is through the control field that the se- 
quence sublayer protocol is implemented. 


The Frame Check Sequence (FCS) is a 16-bit CRC 
character inserted between the end of the information 
field and the closing flag of a frame, used to ensure data 
integrity over the physical layer. This 16-bit character is 
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calculated based on the data sent using a specific algo- 
rithm. The receiver uses the same algorithm to calculate 
the CRC character on the received data and compares 
the result with the 16-bit CRC character received. A mis- 
match results in an error and the frame is discarded 
without alerting the next higher layer. The discarding of 
the frame eventually results in its retransmission by the 
sequence sublayer. The algorithm used to generate the 
16-bit CRC character is based on the CCITT standard 
polynomial X'6 + X'2 + X°+ 1. 


HDLC FRAMES 


Three types of HDLC frame formats (Figures 3a and 3b) 
are used for transporting data over the physical layer: 
(1) Information frames (I frames), (2) Supervisory 
frames (S frames), and (3) Unnumbered or Unacknowl- 
edged frames (U frames). In addition, an Extended or 
Non-Extended frame format can be specified. 


I frames are used to transport data and are sequentially 
numbered with send (Ns) and receive (Nr) sequence 
numbers. The address, control, and FCS fields are the 
only fields acted on by the DLL entity, while an acknowl- 
edged information field is always passed on to the next 
higher layer (Layer 3). In HDLC, the length of the infor- 
mation field can be any number of bits, whereas IBM's 
SDLC restricts the length to an integer number of bytes. 
The maximum information field transmitted in either 
case, however, is application dependent. 


S frames are used to acknowledge correctly received 
I frames, to request retransmission in case of errors, and 
to implement fiow control (that is, request a temporary 
suspension of the transmission of | frames). 


U frames are used for data link initiation or disconnec- 
tion, reporting procedural errors, and for transferring 
data which is not sequenced. 


The extended or non-extended frame format refers 
to the modulus of the sequence numbers, N(s) and N(r), 
used. Sequence numbers of! frames cycle through a set 
of numbers 0, 1, 2, ..., M-1, where M is the modulus 
number. The extended control field uses a modulus 
number of 128 and the non-extended control field format 
uses a modulus number of 8. The extended mode is 
used in cases where long propagation delays are in- 
volved, because a station must stop transmitting ! 
frames if it has M-1 unacknowledged | frames outstand- 
ing. An implication of the extended mode is that more 
memory is required because each Hub stores all trans- 
mitted | frames, and they are not passed on to the next 
layer until they have been successfully acknowledged 
by the corresponding peer sequence sublayer. The se- 
lection of Extended/Non-Extended frame format in 
LAPB, for example, is done via the Set Asynchronous 
Balance Mode Extended (SABME) or the Set Asynchro- 
nous Balance Mode (SABM) U-frame command. 


ISDN 


The intent of the Integrated Services Digital Network 
(ISDN) is to integrate a set of services (voice and data) 
over standard telephone cabling. In order to accomplish 
this, two types of channels have been defined within the 
scope of the ISDN; a B channel and a D channel. A 
B channel refers to one of two full-duplex 64-kb/s chan- 
nels used to transport digitized voice or data through 
the network. A D channel refers to a single full-duplex 
16-kb/s channel that is shared among two or more users 
over the physical layer interface, and is used for trans- 
porting B-channel signaling and low-speed data. Be- 
cause this scheme invoives communication over a 
point-to-multipoint link, a new DLL protocol referred 
to as Link Access Procedure D channel (LAPD) was 
developed. 


Link Access Procedure D (LAPD) is covered in 
CCITT’s 1.441 (Q.921). LAPD Layer 2 frames, used to 
transport data over the D channel, are based on the 
HDLC framing, with Layer 3 based on CCITT’s Q.931. 
Hence, much of what has already been presented with 
regard to the DLL (frame sublayer and sequence sub- 
layer) applies directly to LAPD. 


The LAPD frame format is shown in Figures 4a and 4b. 
A major difference in an LAPD frame is that the address 
field is defined to be 2 bytes instead of 1 as in LAPB, and 
is more fully utilized. Since LAPB is always point-to- 
point, its address field is used only to distinguish be- 
tween command and response frames, whereas in 
LAPD, the address field is used to distinguish between 
other Layer 2 entities. The LAPD Command/Response 
(C/R) bit, however, is used in a similar way that the 
LAPB address field is used in differentiating command 
from response frames. 


The LAPD address field consists of two subfields: a DLL 
Service Access Point Identifier (SAPI) used to indicate 
which protocol entity is to receive the Layer 2 frame, and 
a Terminal Endpoint identifier (TE!) used for distinguish- 
ing between the various terminals connected on a data 
link. For example, according to CCITT 1.441, a SAPI 
field received with a value of 0 identifies the Layer 2 
frame as having call control information for the specified 
TEI, and a SAPI field received with a value of 16 identi- 
fies the Layer 2 frame as having packet information for 
the specified TEI. 


Thus, the most significant functional difference between 
LAPB and LAPD is that LAPD provides logical channel 
multiplexing at the data link layer (LAPD supports point- 
to-multipoint physical layer connections with “logical” 
channel multiplexing at the data link layer), whereas 
LAPB provides this same capability at the Network 
Layer (LAPB supports only point-to-point at the physical 
and data link layers with logical channel multiplexing oc- 
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curring at the Network Layer via Logical Channel Num- 
ber [LCN] assignment). 


FRAME RELAY 


X.25 data link layer protocol software design is typically 
based on the use of state event tables that help imple- 
ment a finite state machine. Using this technique, the 
software is designed such that it is always in a specific 
state at any instant in time. These table-driven state ma- 
chines define ail the states that the protocol can be in at 
any instant in time, plus all the events that can occur 
while in a specific state, what actions need to occur be- 
cause of events, and what new state will be entered into 
as a result of the event occurring. In short, the current 
state and event information are used to index into a two- 
dimensional structure to determine what the next state 
will be. This translates to the use of a rather large case 
statement since the software must search the table 
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each time an event occurs. With LAPD’s multiplexing 
Capability at the data link layer, intermediate Hubs can 
perform their internetwork switching tasks without hav- 
ing to process the complete DLL protocol, thus minimiz- 
ing the massive state table searches. 


This has prompted the CCITT in adopting anew mode of 
packet switch service referred to as Frame Relay. What 
Frame Relay does is combine the LAPD, SAPI, and TEI 
fields into a single field that is used in much the same 
way that LCNs are used in X.25’s network layer. Each 
intermediate Frame Relay Hub only examines the first 
two fields of an LAPD frame when routing a frame, and 
only detects misaddressed or errored frames (frame 
CRC bad). Thus, the need for massive state tables is 
minimized and improvements in throughput are possi- 
ble since much of the Layer 2 and 3’s protocol overhead 
has been removed and made the responsibility of the 
communicating endpoints. 
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Am79C30A Oscillator Considerations 





Care is required in the selection of oscillator components for microprocessors and 
peripherals to avoid problems in oscillator startup, stability, and accuracy. This 
selection process is especially critical in a communications application such an 
ISDN transceiver, where even a small frequency error can measurably degrade 


S interface performance. 





INTRODUCTION 


In many microprocessor and peripheral applications, 
the absolute frequency and stability (over temperature, 
power supply, and unit-to-unit variation) of the clock 
source is not critical; it is often sufficient that the oscilla- 
tor starts reliably and runs at a nominally accurate fre- 
quency. In an ISDN S interface transceiver application, 
however, the frequency accuracy is critical due to 
CCITT specifications for jitter and timing. Unexpected 
results may also arise when interfacing the DSC to com- 
mercial audio transmission test equipment. Some of 
these test sets do not operate as true clock slaves, but 
instead use internal phase lock loops to synchronize to 
the device under test. If the device clock is even slightly 
out of specification, synchronization failure or artificially 
low transmission performance measurements may 
result. 


OSCILLATOR ALTERNATIVES 


The designer has three basic options for clocking the 
DSC: using an external packaged oscillator, construct- 
ing an external crystal-based oscillator, or connecting 
load capacitors and a crystal to the XTAL1 and XTAL2 
pins. 


Use of an external packaged oscillator presents the 
minimum number of complications to the designer and 
is the most expensive solution of the three. The oscilla- 
tor output is simply connected to the XTAL2 input, and 
the XTAL1 output is left unconnected. The frequency 
accuracy, supply tolerance, and stability of the oscillator 
is specified by its manufacturer, thus the designer does 
not need to be concerned with discrete component se- 
lection. In this case, the designer needs to verify that the 
oscillator frequency is guaranteed to be 12.288 MHz 
+80 ppm in the expected operating environment, and 
that the oscillator output is electrically compatible with 
the DSC datasheet requirements for the XTAL2 input. 
The first point to note is that the XTAL2 input levels are 
not TTL-compatible; Vin must be at least 0.8 Vcc, while 
Vi. must be less than 0.8 volts. This is important to note 
since packaged oscillators are available with a variety of 
output characteristics, including CMOS and TTL. In the 
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event that the source oscillator provides TTL levels, a 
CMOS buffer with TTL-compatible input levels may be 
used to provide the correct levels to the DSC. It is impor- 
tant to note that adding a pullup resistor to a TTL-output 
device is absolutely not an acceptable method of creat- 
ing higher levels for clock inputs on CMOS or NMOS de- 
vices. On the Low to High transition, the output driver 
will only actively drive to typically 3.4 V, after which the 
Output voltage will rise exponentially with a time con- 
stant dependent on the pullup resistor and parasitic 
characteristics of the driver and load. The rise time, duty 
cycle, and jitter of the resulting clock may be unaccept- 
able and will vary greatly with temperature, device, and 
power supply level and noise. 


Constructing an external crystal-based oscillator is 
an alternative when designing with the DSC, but pre- 
sents design complexities without offering any compen- 
sating benefits. Use of the DSC on-chip oscillator is 
much simpler than an external design, and the MCLK 
output is available if it is desired to clock other devices. It 
is recommended not to attempt to drive other devices by 
connecting a buffer to the XTAL1 output; the extra load 
is an additional variable that may negatively impact os- 
cillator performance. 


Use of the on-chip oscillator is the most cost-effective 
approach, and will yield excellent results as long as pre- 
cautions in component selection and placement are 
observed. To understand the problems that may be 
encountered, it is beneficial to review some basic prop- 
erties of quartz crystals. 


QUARTZ CRYSTAL PROPERTIES 


Quartz is a piezoelectric material, meaning that an inter- 
nal E field will form in response to applied mechanical 
stress. Conversely, application of an external voltage 
will cause mechanical deformation. It follows that if a 
quartz sample is driven with an AC voltage, it will cause 
the crystal to mechanically vibrate. The reactance of the 
quartz crystal does not vary monotonically with fre- 
quency, but instead becomes positive over ranges of 
frequency that correspond to the natural vibrational 
modes of the crystal. The fundamental idea behind the 
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design of a crystal oscillator circuit is to force the crystal 
to oscillate at or near a preselected natural frequency of 
vibration. 


The lowest natural frequency of vibration is called the 
fundamental mode, and is illustrated in Figure 1. There 
are usually higher modes of vibration, called mechanical 
overtones, which are not necessarily frequency har- 
monics of the fundamental mode. In addition, there may 
be numerous “parasitic” responses where the reactance 
becomes positive over a narrow frequency range. Gen- 
erally, crystals are intended to be operated in their fun- 
damental mode, but it is possible to realize oscillation at 
a selected overtone by using a Combination of careful 
oscillator design and crystal manufacture. 


CRYSTAL RESONATOR MANUFACTURE 


Manufacture of a crystal resonator begins with the slic- 
ing of a crystal wafer from a larger crystal. It is important 
to note that many key crystal properties are highly de- 
pendent on the “cut” of the wafer (that is, the relation be- 
tween the sample faces and the crystal axes). For in- 
stance, the favorability of the various vibrational modes 
depend greatly upon the cut of the quartz employed. 
The variation of frequency with respect to temperature is 
also dependent upon the cut. Thus, the selection of cut 
is made based upon the intended application of the 
crystal. 


After rough shaping, the crystal is planed in order to 
coarsely set the frequency. The thinner a wafer of quartz 
is, the higher the frequency of oscillation will be. Funda- 
mental mode crystals are limited to approximately 40 
MHz, since at higher frequencies the wafers become too 
thin to withstand mechanical vibration. For higher fre- 
quencies, crystals are cut to favor an overtone mode of 
vibration. 


After planing, the wafer is fitted with electrodes and a 
holder. It is common at this point to make the final 
adjustment of frequency by placing the crystal assembly 
into a test oscillator circuit and carefully plating the crys- 
tal with silver or aluminum. The addition of mass re- 
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Figure 1. Crystal Reactance versus Frequency 


duces the frequency of vibration, and is continued until 
the desired frequency is achieved. The assembly is her- 
metically sealed after plating, and is referred to as a 
crystal resonator. 


For low applied voltages the crystal deformation is elas- 
tic, but application of an excessive voltage will result in 
mechanical deformation beyond the elastic limit of the 
crystal and it will shatter. The power dissipation in a 
crystal is specified as its Drive Level, but this parameter 
is not significant in a semiconductor application. 


QUARTZ CRYSTAL CIRCUIT MODEL 


For the purpose of circuit analysis, it is convenient to 
represent a quartz crystal by the equivalent circuit illus- 
trated in Figure 2. The series RLC components are often 
referred to as the motional parameters, while Co repre- 
sents the capacitance of the electrodes and holder. The 
series resistance does not play a very significant role in 
oscillation, as long as the circuit used to drive the crystal 
has sufficient gain. In general, series resistance should 
be as low as possible. The crystal equivalent model is 
said to be in series resonance when L: and C: are in 
resonance, that is: 


Fy=(2-pije -(L,-C,)1@ eq. | 


This equation assumes that Co may be neglected. At fre- 
quency Fs the reactance of the crystal equivalent circuit 
is zero, as illustrated in Figure 1. It is possible to con- 
struct circuits in which a crystal will appear purely resis- 
tive and oscillate at its series resonance frequency. 
However, in semiconductor applications, it is not com- 
mon practice to operate a crystal at series resonance. 


THE PARALLEL RESONANT 
OSCILLATOR 


Figure 3 illustrates a typical “parallel” resonant oscillator 
circuit, where the crystal is used in conjunction with two 
load capacitors Cw (assumed to be equal for simplicity) 


and a parasitic capacitance Cpar, which represents trace 





Figure 2. Crystal Equivalent Circuit 
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Figure 3. Parallel Resonant Oscillator 


and pin capacitance, along with imperfections of the am- 
plifier. It is easily seen that the three capacitors may be 
represented by a single parallel capacitance: 


C, =(1/2)-C,+C,,, eq. 2 


The circuit shown in Figure 3 will oscillate at the fre- 
quency where the (negative) reactance of Cx is can- 
celled by the (positive) reactance of the crystal. From 
Figure 1, itis apparent that the reactance of the crystal in 
the fundamental mode is positive between frequencies 
Fs and Fa. Thus, depending upon the load capacitor 
value Cie and the parasitic capacitance Cpar, the circuit in 
Figure 3 will oscillate at a frequency somewhere be- 
tween Fs and Fa. For many applications the precise fre- 
quency of oscillation is not critical, but for applications 
such as communications it may be necessary to control 
the frequency more tightly. 


CALCULATION OF FREQUENCY 
VARIATION 


The fact that oscillation frequency varies with load ca- 
pacitance is of great significance in both crystal specifi- 
cation and oscillator component selection. In terms of 
specification, it is necessary to understand how crystals 
are calibrated. There is no such thing as a parallel- 
resonant crystal; the term refers to the method of cali- 
bration. When a crystal specification states, for in- 
stance, that a crystal is “12.288 MHz, +0.05%, parallel 
resonant, 20 pF,” it means that the frequency was Cali- 
brated to within 0.05% in the presence of a 20-pF series 
capacitance. It does nof mean that the crystal requires 
20-pF load capacitors! The value of capacitance re- 
quired depends upon the amplifier circuit, and to a 
lesser degree upon the board layout. The following 
equation describes the relationship between frequency 


deviation (Fs) from the series resonance point and the 
Crystal circuit parameters: 


F,=(Fe-C,)/[2-1-(C)+C,)] eq. 3 


where r=Co/C1, and Ci is the total added load capaci- 
tance. Note that this equation indicates that not all crys- 
tals will respond identically to a change in load capaci- 
tance. Let us now apply Equations 1 through 3 to the 
following actual crystal parameters to illustrate how the 
various parameters affect oscillator operation: 


F, = 12.283823 MHz 
C,=4.25 pF 

R, =7.7 ohms 

C, =0.0165746 pF 
L,=10.128 mH 

12.288 MHz, + 20 ppm 
Parallel resonant, 20.12 pF 


Plugging the above values into Equation 3 yields a fre- 
quency offset Fs of 4177 Hz. It is easily verified that this 
corresponds to the difference between 12.288 MHz and 
12.283823 MHz. Now suppose we would like to de- 
termine the tolerance of capacitance required to ensure 
80-ppm frequency accuracy. Since the crystal fre- 
quency is calibrated to within 20 ppm, we will specify the 
tolerance of the external components to allow for an op- 
erating range of +60 ppm. This corresponds to an oper- 
ating range as follows: 


12.28726 MHz <f<12.28874 MHz 


The lower limit corresponds to a frequency offset of 
3440 Hz from the series resonance point, while the up- 
per limit corresponds to an offset of 4920 Hz. Plugging 
Fa = 3440 Hz into Equation 3 yields a C: value of 25.34 
pF, while Fa = 4920 yields a Cx value of 16.44 pF. Note 
that increasing the load capacitance decreases the op- 
erating frequency. The 60-ppm frequency accuracy re- 
quirement can be met over the range: 


16.44 pF <C, <25.34 pF eq. 4 


The parasitic capacitance Cpa of Equation 2 is on the or- 
der of 5-8 pF, and can be determined empirically by 
changing load capacitors and applying the foregoing 
equations. It is important to note that the value Cpa will 
vary slightly from one device to another, thus not all of 
the error tolerance should be allotted to the load capaci- 
tors. Assuming an empirically determined Cpar of aver- 
age value 5 pF, selecting load capacitors of value 30 pF 
and 5% tolerance allows Cpa to vary between approxi- 
mately 2.19 and 9.59 pF, which provides an adequate 
margin. 
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RECOMMENDATIONS 


It is apparent in Equation 2 that the equivalent load seen 
by a crystal depends upon both the load capacitors and 
the parasitic capacitances present. For this reason, it is 
desirable to minimize the variability of parasitic capaci- 
tance by placing both the crystal and the load capacitors 
as Close as possible to the IC oscillator pins. This tech- 
nique has the added benefits of minimizing the capaci- 
tive coupling of other signals into the oscillator, and re- 
ducing the amount of clock noise coupled into other 
circuits. It is also preferable to operate with larger load 
capacitances, since the percentage contribution of both 
load capacitor error and parasitic capacitance is re- 
duced. If the load capacitor value becomes too large, 
however, oscillator startup problems may ensue. For 
power-critical applications, it should be noted that in- 
creasing load capacitance will result in increased power 
consumption. 


Although the equations are useful to gain insight into the 
problem, there is no substitute for actual measurement. 
It is recommended to select a load capacitor value for a 
given crystal by lab measurement of the DSC MCLK 
output frequency (so as not to load the oscillator circuit), 


and then using the manufacturer’s parameter values in 
the foregoing equations as a check. This procedure 
need only be done during initial design; it does not need 
to be repeated on a per-unit basis. It is also rec- 
ommended to select load capacitors with minimum 
temperature variation, for instance, ceramic NPO 
Capacitors. 
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Design of Crystal and Other Harmonic Oscillators, Ben- 
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Introduction to Quartz Crystal Unit Design, Virgil E. Bot- 
tom, Van Nostrand Reinhold. 


Designing Quartz Crystals into Integrated Circuits and 
Microprocessors, JohnB. Fisher, Standard Crystal Cor- 
poration Application Note. 
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Electret Handset Interface 


The electret-type microphone, incorporating a Capacitive microphone and built-in 
FET, is rapidly becoming the microphone of choice for telephone applications. A bias 
Circuit is required for the FET, along with a gain stage for pre-amplification of the low 


output voltage. 


THE ELECTRET HANDSET 


The electret handset is a popular choice among tele- 
phone designers for a variety of reasons. It is inexpen- 
sive, light, and requires less bias current than the con- 
ventional carbon-type microphone. Furthermore, the 
microphone provides excellent dynamic range and 
noise performance, and its small physical size makes it 
Suitable for many different handset designs. 


The electret microphone provides an output voltage 
when pressure from the speaker's voice varies the 
charge on an internal capacitor, which in turn varies the 
gate voltage of a FET. Since a drain current must exist 
for the FET amplifier, the electret microphone requires 
an external bias resistor. 


The microphone satisfies part of its gain requirement 
with the FET amplifier, but requires an additional gain 
stage to boost the signal up to a level compatible with 
the Am79C30A MAP receiver. It should be noted that 
the bias and gain requirements will vary from one hand- 
set manufacturer to another, and may require some ad- 
justment for compliance with any applicable sound pres- 
sure level tests. For the handset tested, a gain of 
approximately 24 dB was selected to provide a subjec- 
tively comfortable listening level. 


BIAS AND GAIN CIRCUITRY 


The circuit shown in the attached figure was designed 
with several objectives. First, it was designed to operate 
using only a 5-V power supply. Second, it was essential 
that the circuit would perform adequately with an inex- 
pensive operational amplifier. Finally, it was necessary 
that the circuit would provide satisfactory performance 
in a noisy environment, for instance, on a personal com- 
puter board. 


In Figure 1, the equivalent circuit for the electret micro- 
phone shows a variable capacitor driving a FET. The 
series combination of the 6.8-kohm and 3.3-kohm resis- 
tors provides approximately 0.5 mA of bias current for 
the FET. The 6.8-kohm resistor and the 20-microfarad 
capacitor serve to filter noise fromthe 5-V power supply, 
since any power supply noise would otherwise appear 
at the microphone output and be inseparable from the 
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voice signal. This is especially critical since the noise 
would be boosted by 24 dB through the amplifier. 


The operational amplifier is a typical inverting configura- 
tion, with the positive input biased to approximately 2.4 
volts by the DSC AREF signal. The 10-kohm and 1-yF 
Capacitor to ground form an RC filter to remove any low- 
level switching noise from the AREF signal, because 
this noise could be objectionable after being boosted by 
the amplifier. The 560-pF capacitor in the amplifier feed- 
back path removes high frequencies from the signal 
path, thereby ensuring that they are not converted to in- 
band noise by operational amplifier imperfections. The 
value of this feedback capacitor may need to be varied 
for different models of op-amps. 


The 1-uF capacitor on the output of the amplifier is nec- 
essary to AC couple the signal to the analog input of the 
DSC. The 15-kohm resistor ensures that the analog in- 
put is biased with the voltage provided by the DSC 
AREF pin. The analog input must be biased by the 
AREF voltage, otherwise degraded transmission per- 
formance at low signal levels will occur. 


TEST RESULTS AND 
RECOMMENDATIONS 


The described circuit was built and tested using low- 
cost TLC271CP and TLO61ACP operational amplifiers 
manufactured by Texas Instruments. A Wandel and 
Goltermann PCM4 test set was used to perform Signal 
to Distortion, Gain Tracking, Idle Channel Noise, Rela- 
tive Group Delay, and Absolute Gain measurements in 
accordance with CCITT Recommendation G.714. All 
tests were passed with satisfactory margins using the 
aforementioned op-amps on a four-layer PCB installed 
in an IBM PC-AT. 


In designing audio interfaces for the Am79C30A DSC, it 
is important to note that the weakest link in the audio 
path is the circuitry external to the DSC. Care must be 
taken to ensure that microphone bias current is ade- 
quately filtered. Board layout is also critical to optimize 
audio performance. Audio traces should be as short as 
possible, and routed away from high-speed digital sig- 
nals such as clocks. Splitting the ground and Vcc planes 
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of the PCB is an effective technique and is described ina 
companion application note on DSC Layout Hints. The 
ground points of the various analog components of the 
microphone circuit should be placed as close as possi- 
ble to one another on the board in order to minimize the 
effect of different ground current return paths. 


In prototyping analog circuitry, it must be understood 
that wirewrap boards and high-gain audio amplifiers do 
not mix very well. Long wires, crosstalk, insufficient 


5V 


3 uF 





1K 
Electret 


Mic 


power supply decoupling, stray inductances and ca- 
pacitances, and poor grounding all contribute to a higher 
noise floor and degraded amplifier stability. 


As a final precaution, note that care must be taken in op- 
amp selection. The amplifier must be capable of running 
on 0- and 5-V power supplies and must have sufficient 
voltage swing around the nominal 2.4-V AREF voltage 
to handle the maximum expected audio signal without 
distortion. 


560 pF 


1 pF 
AIN 
15K 
AREF 


10K 


1 pF 


Figure 1. Electret Handset Interface 
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Protocol Reference Model Tutorial 


The introduction of the Open System Interconnect (OSI) model for networks has had 
a profound effect on data communications and distributed applications processing. 
The acceptance of this standard continues to widen as the OSI model was selected 
as the basic structure for the software-intensive ISDN. It is important for engineers 
working in this area to be familiar with the basic terminology and concepts of the OS/ 
reference model and the developing ISDN reference model. 


The data communications industry in the early 1970s 
was Characterized by incompatibility between product 
Offerings from different vendors. Although some of 
these differences were due to a lack of applicable stan- 
dards, manufacturers were also reluctant to share de- 
sign information because they wanted to protect their 
customer bases. As the size of the market grew, it be- 
came increasingly apparent that it was in everyone’s 
best interest to provide the capability to interconnect 
equipment from different manufacturers. In 1978, the In- 
ternational Standards Organization (ISO) began work 
on developing the “Open System Interconnect” refer- 
ence model to provide a framework for the orderly com- 
munication of “application processes” across different 
computer networks. These application processes may 
be human users or computer programs. The committee 
considered input from a variety of international trade 
and standards organizations and produced a working 
standard within three years. The work of this committee 
was also supported by the CCITT in their recommenda- 
tion X.200. 


The framework chosen by the ISO is a seven-layer 
structure in which each layer provides specialized ser- 
vices that logically belong together. There are, of 
course, many different ways in which the functions may 
be organized, and the standard acknowledges that it 
would be difficult to provide the optimality of any given 
approach. In order to achieve agreement, the commit- 
tee was also required to take note of existing solutions 
and standards. A brief description of each layer, its pur- 
pose, and services provided follows. 


The Physical Layer is the lowest layer of the architec- 
ture and, as defined in CCITT X.200, “provides me- 
chanical, electrical, functional, and procedural means to 
activate, maintain, and deactivate physical connections 
for bit transmission between data link entities.” For 
instance, the physical layer may include functions such 
as connector types and pinouts, line code definitions, 
Clocking and timing requirements, voltage levels, block 
formats, activation and deactivation procedures, loop- 
back modes, and error notification. A good example of a 
physical layer protocol is RS-449. In the ISDN environ- 
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ment, a key physical layer protocol is CCITT 1.430, 
which describes the four-wire S or T interface. 


The Data Link Layer resides directly above the physi- 
callayer and provides for the transfer of units of informa- 
tion between the two ends of the physical link, as well as 
the establishment and release of the data link connec- 
tion. Framing, flow control, error detection, and error 
correction are possible functions to include in this layer. 
Multiplexing, another key feature of this level, provides 
multiple logical connections on a single physical link. 
HDLC and SDLC are examples of common Layer 2 pro- 
tocols. In the ISDN application, CCITT Q.921 (LAPD) is 
the key Layer 2 protocol for data link signaling on the D 
channel. 


The Network Layer is the third layer of the architecture 
and is responsible for the addressing, switching, and 
routing functions that are required to guarantee trans- 
parent transmission of data through a system of com- 
puters. It is important to note that a network may not al- 
ways be sourcing or sinking data, but may be performing 
a relay function as illustrated in Figure 13/X.200. The 
switching of data through an ISDN is an example of a re- 
lay function. The network must guarantee transparency 
of such a relay function to higher protocol layers. In the 
ISDN application at Layer 3, CCITT Q.931 provides call 
setup and teardown functions. However, in the special 
case of “nailed-up” D-channel data service, there is no 
routing to be done, and only X.25 is required at Layer 3. 


The Transport Layer is responsible for providing the 
required performance at minimum cost based upon the 
current state of the network, and is the lowest layer that 
is concerned with end-to-end functions. As seen in Fig- 
ure 13/X.200, no transport layer service is required for 
the intermediate system in a relay network. 


The Session Layer coordinates the interaction of the 
application processes at each end regarding session 
establishment, release, management, and error report- 
ing. There is no flow control at the session layer. 
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The Presentation Layer provides for the conversion of 
data between different representations, for instance, 
code, character, or format conversions. 


The Application Layer provides all the services directly 
required by the application process, since it is the only 
layer in the model that communicates directly to the ap- 
plication processes. Services will vary greatly depend- 
ing upon the application, including, for example, identifi- 
Cation of an intended communication partner by name 
or address, or determination of the availability of the re- 
quested party. 


One of the objectives in the definition of the OSI layers 
was to simplify the amount of communication required 
between layers. Each layer, except the application 
layer, is defined to provide services to the next higher 
OSI layer. Adjacent layers interact with predetermined 
requests and responses, called primitives. Note that the 
OSI model does not attempt to define primitives, but 
leaves this to the individual protocols used in specific 
applications. At each layer there is a “peer protocol” to 
govern the interaction between entities in the layer, as 
illustrated in Figure 12/X.200. 


Entities within a layer can communicate only through the 
services provided by the next lower layer, and it is as- 
sumed that physical layer entities interact directly. 


In spite of the detailed description of the functions in 
each layer, it is important to note that the OSI model 
does not constrain the implementation architecture; the 
definition of system management functions is left com- 
pletely to the user. The CCITT is working on a series of 
recommendations for Management Entities, but they 
are a long way from completion and are far more com- 
plex than the OSI model itself. 


Figure 13/X.200 illustrates communication through a re- 
lay system that passes data between two systems that 


are only connected through the intermediate network. 
AnISDN may be viewed as such a relay system, but with 
the possibility of ongoing participation even after acallis 
established. In recent years the CCITT has been devel- 
oping Recommendation 1.320, the objective of which is 
to model the interconnection and exchange of user in- 
formation and control information in an ISDN environ- 
ment. In this sense, 1.320 may be viewed as a specific 
application of the principles of X.200 and not as a radi- 
Cally different recommendation. Although 1.320 is still 
evolving, it is useful to examine the emerging ISDN Pro- 
tocol Reference Model. In the February 1988 draft of 
1.320, it is stated that “the support of outband signaling, 
the ability to activate supplementary services during the 
active phase of the call, imply a separation between 
control information and user information.” To reflect this 
separation, 1.320 introduces the concept of a control 
plane (C plane) and user plane (U plane). Both of these 
planes have seven layers in the manner of the OSI 
model, but not all layers are necessarily present. The 
purpose of the U plane is the transfer of information 
among user applications, whereas the C plane is in- 
tended to establish or modify a network connection or to 
provide supplementary services. The C and U planes do 
not connect directly, but instead communicate via primi- 
tives through the plane management function M, which 
is not layered (at this time). This basic reference model 
is illustrated in Figure 2/1.320, which is reproduced from 
the 1985 version of 1.320. In the February 1988 draft of 
1.320, the model was further refined to split the C plane 
into local and global control planes. This alteration was 
made to reflect the fact that control data handled by an 
entity may concern an adjacent (local) entity or non- 
adjacent (remote or global) entity. The resultant Generic 
Protocol Block is illustrated in Figure 3/1.320, but it must 
be emphasized that !.320 is not finalized and thus is sub- 
ject to considerable change. 
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Figure 12/X.200. Seven-Layer Reference Model and Peer Protocols 
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Figure 13/X.200. Communication Involving Relay Open Systems 
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Note: Peer-to-peer protocols associated with U and C are not shown. 


Figure 2/1.320. Interactions Associated with a Protocol Block 
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Figure 3/1.320. Generic Protocol Block 
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Standards, John Henshall and Sandy Shaw, John Wiley 
& Sons, 1988. 


Telecommunication Technology, R.L. Brewester, John 
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Telecommunications Networks, Protocols, Modeling, 
and Analysis, Mischa Schwartz, Addison-Wesley, 1987. 
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connection Layer Service Definition Conventions.” 
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Key Design Hints for the DSC/IDC 


Due to the high level of integration of the Am79C30A/32A DSC/IDC, it is easy to 
overlook important design information when reading the data sheet. The following 
list of key design hints has been compiled to streamline the design process. A 
comprehensive series of ISDN application notes and tutorials is available from 
Advanced Micro Devices; please contact an AMD sales office or factory for current 


information. 


. The AREF pin must be used to bias the AINA and 
AINB inputs. There is a data sheet parameter Vios 
that states that the analog inputs must be biased to 
within 5 mV of AREF. AREF is nominally 2.4 volts; 
normal device-to-device variation will exceed the 
5-mV Vios specification. If a voltage other than 
AREF is used, transmission performance at low 
signal levels will be degraded. 


. The recommended method of biasing the AINA or 
AINB inputs is to use a 15-100 kohm resistor be- 
tween the input and AREF. The signal source 
should be AC-coupled to the analog input. Care 
should be taken such that the RC formed by the 
biasing resistor and blocking capacitor does not 
distort the input signal. A 3-dB point below 10 Hz is 
recommended. 


. The AREF output must not be loaded with a capaci- 
tor, since it may cause the internal buffer amplifier 
to become unstable. For some applications involv- 
ing significant gain external to the DSC, the AREF 
output may require a simple RC noise filter. In this 
case, the AREF output should be isolated from the 
Capacitor by a resistance of greater than 1 kohmto 
ensure Stability. 


. The DSC/IDC should be provided with decoupling 
Capacitors, situated as closely as possible to the 
package power leads. In general, 0.1-u.F ceramic 
Capacitors are sufficient, but bulk decoupling ca- 
pacitors will be required if the LS1 and LS2 loud- 
speaker outputs are driving a heavy load. 


. The DSC/IDC is constructed on a single substrate, 
and therefore the device power pins must not be 
from separate supplies. If there is a DC offset be- 
tween the analog and digital power supply pins, 
excessive current may flow through the device 
substrate. 


. The LS1,LS2, and EAR1, 2 outputs are intended to 
be used differentially. Although it is possible to use 
only a single output, the rejection of power supply 
noise and internal digital noise is improved if the 
outputs are used differentially. 


ri 


10. 


11. 


12. 


It is necessary to observe the maximum loading 
specification for the LS and EAR outputs. When 
used differentially, the EAR outputs must see 
a minimum of 540 ohms between them. Similarly, 
the LS outputs must see a minimum of 40 ohms. 
The maximum capacitive loading in either case is 
100 pF. 


. The LS and EAR outputs do not need to be 


“matched” to the load. The LS and EAR outputs are 
voltage drivers and do not assume the presence of 
any particular load impedance. As long as the 
maximum loading specification is met, the LS and 
EAR outputs will function satisfactorily. In some 
cases an external resistor may be used to center 
the desired output volume, for instance, while driv- 
ing a 150-ohm earpiece with the EAR outputs. 


. For Revision D and prior releases, it is not recom- 


mended to unnecessarily access the ATGR, 
FTGR, GX, GR, GER, STG, X, R, MMR1, and 
MMR2 registers while audio is active. When ihe 
microprocessor accesses these registers, it may 
interfere with the MAP calculations, resulting in 
degraded transmission performance or audible 
noise. 


When using programmable gains and filters in the 
MAP, it is necessary to consider dynamic range 
effects such as truncation error and clipping. In 
case of questions in any particular application, 
please contact AMD applications staff for assis- 
tance. 


All MAP tone generators are referenced with re- 
spect to the +3-dBm0 overload voltage, that is, a 
0-dB tone yields a +3-dBm0 output. Care must be 
taken to avoid clipping when adding tones to sig- 
nals as, for example, when generating DTMF 
waveforms. 


The RC connected to CAP1/CAP2 must be situ- 
ated as close as possible to the DSC package to 
reduce the amount of noise coupled in from other 
signal traces. 
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13. 


14. 


15. 


It is necessary to observe the XTAL2 frequency 
accuracy requirement of 12.288 MHz, +80 ppm. 
Since crystals from different manufacturers will 
vary, it is necessary to measure the DSC oscillator 
output frequency at the MCLK pin and, if neces- 
sary, adjust the value of the crystal load capacitors 
as part of the initial design procedure. An applica- 
tion note of oscillator considerations is available 
from AMD. 


If driving the XTAL2 pin with an external oscillator, 
it is necessary to observe the data sheet input volt- 
age and rise/fall time requirements. Note that the 
XTAL2 levels are not TTL-compatible. 


The DSC, as any sensitive analog device, requires 
care in board layout. An application note of DSC 
board layout hints is available from AMD. 
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16. 


17. 


18. 


The sidetone path defaults to —18 dB attenuation. If 
it is desired to disable the sidetone path, it is neces- 
sary to enabie the sidetone block and program it for 
infinite attenuation. 


The LIU transformers, series resistors, and IC LIU 
output drivers must be considered as a functional 
unit. Transformers that meet CCITT 1.430 require- 
ments with other transceivers are not necessarily 
appropriate for use with the DSC, and vice versa. 
An application note of DSC transformer and series 
resistor considerations is available from AMD. 


Interrupts should be masked when reading or writ- 
ing any indirect or multi-byte DSC registers, to pre- 
vent the possibility of an interrupt occurring and 
destroying the contents of the Command Register. 
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General Information 


This section was excerpted from Chapter 1 of the Z85C30 Technical Manual, order #07513C. 





INTRODUCTION 


The Z85C30 and Z8530 SCCs (Serial Communications 
Controller) are dual channel, multiprotocol data commu- 
nications peripherals designed for use with 8- and 16-bit 
microprocessors. The SCC functions as a serial-to- 
parallel, parallel-to-serial converter/controller. The SCC 
can be software-configured to satisfy a wide variety of 
serial Communications applications, including: Bus 
Architectures (full- and half-duplex), Token Passing Ring 
(SDLC Loop mode), and Star configurations (similar 
to SLAN). 


The SCC contains a variety of internal functions including 
on-chip baud rate generators, digital phase-lock loops, 
and crystal oscillators, which dramatically reduce the 
need for external logic. In addition, SDLC/HDLC en- 
hancements have been added to the Z85C30 that allow 
it to be used more effectively in high speed applications. 


The SCC handles asynchronous formats, synchronous 
character-oriented protocols such as IBM Bisync, and 
Synchronous bit-oriented protocols such HDLC and IBM 
SDLC. This versatile device supports virtually any serial 
data transfer application (telecommunications, cassette, 
diskette, tape drivers, etc.). 


The device can generate and check CRC codes in any 
Synchronous mode. The SCC also has facilities for 
Modem controls in both channels. In applications where 
these controls are not needed, the Modem controls can 
be used for general purpose 1/O. 


With access to 14 Write registers and 7 Read registers 
per channel, the user can configure the SCC so that it can 
handle all asynchronous formats regardless of data size, 
number of stop bits, or parity requirements. The SCC 
also accommodates all synchronous formats including 
character, byte, and bit-oriented protocols. 


Within each operating mode, the SCC also allows for 
protocol variations by handling odd or even parity bits, 
character insertion or deletion, CRC generation and 
checking, break/abort generation and detection, and 
many other protocol-dependent features. 


Unless otherwise stated, the functional description in this 
Technical Manual applies to both the NMOS Z8530 and 
CMOS Z85C30. Whenthe enhancements in the Z85C30 
are disabled, it is completely downward compatible with 
the Z8530. 
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CAPABILITIES 


e Two independent full-duplex channels 
e Synchronous/Isosynchronous data rates: 


~ Upto 1/4 of the PCLK (i.e., 4 Mbit/sec. maxi- 
_ mum data rate with 16 MHz PCLK Z85C30) 


-— Upto 1Mbit/sec. with a 16 MHz clock rate (FM 
encoding using DPLL in Z85C30) 


~ Up to 500 Kbit/second with 16 MHz clock rate 
(NRZI encoding using DPLL in Z85C30) 


e Asynchronous capabilities: 


— Up to 250 Kbits/sec with 16 MHz (x16 mode) 
PCLK 


~ 5,6, 7, or 8 bits per character 
— 1, 1-1/2, or 2 stop bits 
— Odd or Even Parity 
— x1, 16, 32, or 64 clock modes 
— Break generation and detection 
— Parity, Overrun and Framing Error detection 
e Character-Oriented synchronous capabilities: 
— Internal or external character synchronization 
- 1or2 sync characters in separate registers 
— Automatic CRC generation/detection 
¢ SDLC/HLDC capabilities: 
— Abort sequence generation and checking 
— Automatic zero bit insertion and deletion 
— Automatic flag insertion between messages 
-~ Address field recognition 
— |-Field residue handling 
— CRC generation/detection 


— SDLC Loop mode with EOP recognition/loop 
entry and exit 


¢ Receiver data registers quadruply buffered. 
Transmitter data register doubly buffered 


e NRZ, NRZi, or FM encoding/decoding and 
Manchester decoding 


e Baud-rate generator in each channel 

¢ A DPLL in each channel for clock recovery 
¢ Crystal oscillator in each channel 

* Local Loopback and Auto Echo modes 
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in addition, the Z85C30 provides enhancements which 
allow it to be used more effectively in high speed SDLC/ 
HDLC applications. These enhancements include: 


10 x 19-bit SDLC/HDLC frame status FIFO 
14-bit SDLC/HDLC frame byte counter 
Automatic SDLC/HDLC opening Flag trans- 
mission 

Automatic SDLC/HDLC Tx Underrun/EOM 
Flag reset 

Automatic SDLC/HDLC CRC generator preset 
TxD forced High in SDLC NRZI mode when in 
mark idle 

RTS synchronization to closing SDLC/HDLC 
Flag 

DTR/REQ DMA request deactivation delay 
reduced 


Exiernali PCLK to RTxC or TRxC synciivoniza- 
tion requirement removed for one fourth PCLK 
operation 

Reduced Interrupt response time 

Reduced Read/Write access recovery time 
(Trc) to 3 PCLK best case (3 1/2 PCLK worst 
case) 


Improved WAIT timing 


Other enhancements which make the Z85C30 more user 
friendly include: 


Write data valid setup time to negative edge of 
write strobe requirement eliminated 

Write Registers WR3, WR4, WR5 and WR10 
are readable 

Complete reception of SDLC/HDLC CRC 
characters 


Lower priority interrupt masking without 
INTACK generation 
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Am79C401 TECHNICAL MANUAL cl 
INTRODUCTION 


This section was excerpted from the Am79C401 Technical Manual, order #09559B. 


The Am79C401 Technical Manual provides information to the user concerning 
the operation and programming of the major functional modules contained in 
the Am79C401 Integrated Data Protocol Controller™ (IDPC™). This manual is 
divided into five chapters and one appendix. 


Introduction—tThis chapter provides an overview of the IDPC, concentrating 
on how it fits into various system architectures. 


Hardware—The Hardware chapter covers the specifics of each major func- 
tional block, emphasizing how each block is controlled, and the operation and 
generation of external interface signals. 


Applications—This chapter provides detailed design examples, concentrating 
on the IDPC’s external interfaces. 


Programming the IDPC—The Programming chapter contains three sections. 
The first section introduces the programmable features of the IDPC. The 
second section provides a series of tutorials on system-level operation. The 
final section consists of detailed programming examples for the major func- 
tional blocks. | 


Low-Level Device Driver—This chapter contains the Reference Guide for the 
Am79LLD401 Low-Level Device Driver. This software interfaces the IDPC to 
the AmLink™ LAPD/LAPB software package. The source code, with an unlim- 
ited binary distribution license for both software packages, may be purchased 
from AMD for a nominal one-time fee. 


Appendix—tThe Appendix contains pin definitions and user-accessible regis- 
ter descriptions for the Am79C401 IDPC. 


INTRODUCTION TO THE Am79C401 IDPC 


When designing equipment for packet data networks, designers are concerned 
with performance, flexibility, and cost. The Am79C401 Integrated Data Proto- 
col Controller (IDPC) from Advanced Micro Devices addresses these three 
concerns by integrating three key building blocks into a single integrated 
circuit. AS shown in Figure 1-1, the Am79C401 IDPC consists of three major 
blocks: the Data Link Controller (DLC), the Universal Synchronous/Asynchro- 
nous Receiver/Transmitter (USART), and the Dual-Port Memory Controller 
(DPMC). The DLC is the heart of the Am79C401 IDPC; it is responsible for 
processing bit-oriented protocols such as the HDLC and its derivatives SDLC, 
LAPB, and LAPD. The USART block is a super-set of the industry-standard 
8250 UART. The USART is useful in building terminal adapter devices that 
connect existing terminals to Bit-oriented Protocol-based networks such as 
X.25, ISDN, and SNA. The Dual-Port Memory Controller (DPMC) provides the 
circuitry required to convert inexpensive static RAM into dual-port memory. 
Dual-port memory is required whenever the communications processor shares 
the system bus with a host processor. The dual-port memory allows messages 
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Figure 1-1 


IDPC Block Diagram 
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and data to be passed between the two processors. An example of this type 
of application is an X.25 network interface, installed in a personal computer. 
By integrating these basic building blocks into a single integrated circuit, the 
cost of building data communications products is significantly reduced. 


DATA LINK CONTROLLER 


Designers of data communication equipment supporting bit-oriented protocols 
such as HDLC, SDLC, LAPB, and LAPD have had to choose between per- 
formance and flexibility. The protocol controller integrated circuits currently on 
the market offer either performance or flexibility, but not both. The reason for 
this is that in order for one protocol controller IC to have the flexibility to 
handle all of the various protocols, the higher layers of the protocols must be 
handled by software running on an associated microprocessor. Handling part 
of the protocol processing in software can substantially degrade performance, 
as measured by overall throughput. In an attempt to increase performance, 
some IC manufacturers have designed ICs that are dedicated to one specific 
protocol, performing most, if not all, of the protocol processing in hardware. 
While this improves throughput, the flexibility to handle multiple protocols or 
even slight variations in the target protocol is sacrificed. In the development of 
the Am79C401 IDPC, Advanced Micro Devices has taken a different ap- 
proach to the problem. Three key elements of this approach are: the careful 


Am79C401 Technical Manual 5-53 


5-54 


partitioning of the tasks to be performed in hardware versus software, sepa- 
rating the movement of data from the processing of packets, and the optimi- 
zation of the hardware/software interface. 


The Hardware/Software Boundary—Careful consideration is required in 
determining which of the bit-oriented protocol functions to perform in hard- 
ware versus software. Many of the functions, such as flag and abort detec- 
tion, O-bit insertion, and CRC generation and checking, are best performed in 
hardware. Other functions are best left to the software, including: sequence 
number checking, transmission of acknowledgment packets, and retransmis- 
sion of unacknowledged packets. There are two reasons for handling these 
functions in software: (1) each of the various protocols handles these func- 
tions in a slightly different manner, and (2) the amount of hardware required 
increases prohibitively as the window size increases. (Window size refers to 
the number of packets one transmitter can send out before an acknowledg- 
ment is received regarding the first packet sent. For example, if the window 
size is four, the transmitter can send four packets, then it must stop transmit- 
ting until an acknowledgment is received for the first packet. This requires the 
transmitter to provide hardware to store a history of all outstanding packets— 
an expensive proposition considering window sizes of eight or more are not 
uncommon.) Most protocol controllers that are designed to process multiple 
protocols divide the above-mentioned tasks between hardware and software 
in a similar fashion. The DLC in the Am79C401 IDPC provides hardware sup- 
port for several additional functions that are often delegated to software. Two 
examples of these are: minimum packet size checking and maximum packet 
size checking. By handling these tasks in hardware, the software does not 
need to perform a bounds check every time a new byte of data is received. 
Aside from the obvious advantage of reduced software overhead, this also 
allows the software to be partitioned into two separate functions: data move- 
ment and packet processing. As you will see later, this is the key to providing 
high performance while retaining the flexibility to handle multiple protocols. 


Separating Data Movement From Packet Processing—The key factor in 
determining overall throughput is the rate at which packets can be processed. 
For reasons of flexibility, this processing takes place in software (dedicated 
hardware is faster, but expensive and inflexible). In the International Stan- 
dards Organization’s Open Systems Interconnection (ISO-OSI) seven-layer 
model, the bit-oriented protocol resides at Layer_2. Layer_2 is given unpack- 
eted data from Layer_3, which it packetizes and transmits via Layer_1. On 
the receive side, packets are received, verified, then returned to a non-packet 
format, and passed up to Layer_3. While this is an oversimplified view of a 
fairly complex process, it does point out a key fact: the Layer_2 software 
deals with packets, not the movement of individual bytes of data. If the soft- 
ware can be partitioned such that it deals only with completely received 
packets of data, not bits and pieces of packets, the time spent processing the 
packet can be substantially reduced. 


The DLC in the IDPC has been designed to completely separate the software 
involved in data movement from the software responsible for packet process- 
ing. One piece of software is responsible for the movement of data, often via 
DMA, while a separate software module processes the status information 
regarding complete packets. In the IDPC, a special status reporting mecha- 
nism has been designed that stores the status information concerning a 
packet and then reports it to the packet-processing software after the entire 
packet has been received, moved through the 32-byte receive FIFO, and 
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stored in an off-chip buffer. Up until the time that an entire packet has been 
received, moved from the receive FIFO, and placed in buffer memory, the 
packet processing software is uninvolved. In fact, the DLC does not notify the 
software about the packet until the last byte of the received packet has been 
placed in off-chip memory. At this time, the DLC notifies the software that a 
packet has been received, and provides the appropriate status information 
concerning the packet. In this manner, the packet processing software is 
presented with a complete packet of data and status information pertaining to 
that packet at the same time. If the status information indicates that the packet 
has been received without errors, it is acknowledged and the packet is passed 
to the user. If the packet contained errors or was aborted, all that is required is 
to reassign the buffer location in memory. The DLC can store status informa- 
tion for up to four previously received packets before the microprocessor has 
to read the status from the first packet. This greatly increases the maximum 
allowed interrupt latency. 


Optimization Of The Hardware/Software Interface—The percentage of the 
processor's time that must be spent interfacing to the DLC is critical to per- 
formance. Three major factors affect this overhead: time spent identifying 
which register contains the pertinent information, time spent accessing that 
register, and time spent locating the desired information within the register. 
The time required to identify the register containing the condition that caused 
the interrupt is based on the efficiency of the interrupt-reporting structure. In 
the DLC, the source of an interrupt is reported via the Interrupt Source Regis- 
ter. This register contains bits that directly point to status registers that can 
generate interrupts. Additionally, the actual status information for the two most 
common interrupt-generating events is reported directly in the interrupt source 
register. These two conditions, which make up 95% of all interrupts, are the 
valid-packet-received and valid-packet-transmitted indicators. Once the 
source of an interrupt has been identified, the appropriate status register must 
be read. The time required to read the register can be cut in half if the register 
is directly mapped into the processor's address space, instead of indirectly ac- 
cessed via a pointer register. In the DLC, all registers are directly memory 
mapped. The third factor contributing to the efficiency of the software interface 
is the time required to find information once a register has been read. The key 
to reducing this time is to organize the individual registers such that the most 
often required information is in either the least significant or most significant 
bit locations. Once a status register is read, the software typically performs a 
test, shift, test routine until it finds a bit that is set. The time spent finding the 
set bit depends on the number of shift/tests required. If the most frequent 
conditions are indicated by bits closest to one end of the register, the perfor- 
mance can be more than doubled. 


Both flexibility and performance are attained by optimizing the partition be- 
tween software and hardware, separating the movement of data from the 
processing of packet status, and optimizing the interface between software 
and hardware resident status registers. 


USART 


The function served by the Universal Synchronous/Asynchronous Receiver/ 
Transmitter (USART) depends on the application of the IDPC. If the IDPC is 
embedded in a terminal or host computer (such as a PC), the USART pro- 
vides a second serial channel, separate from the DLC. In terminal adapter 
applications, existing terminals that are not “network-ready” are inter- 
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faced to networks such as SNA, X.25, or ISDN. In this case, the USART 
provides the connection to the terminal, while the DLC provides the network 
interface. 


The USART is a super-set of the industry standard 8250 Universal Asynchro- 
nous Receiver/Transmitter (UART). The 8250 UART provides basic asynchro- 
nous RS-232 serial data communication service, including baud rate genera- 
tion, and is the standard UART used in the IBM PC™ and its compatibles. The 
IDPC USART starts with this base and adds three features: 


¢ Four-Byte Transmit and Receive FIFO Buffers—The FIFOs increase 
software performance by reducing the number of interrupts that must be 
serviced, and increasing the time allowed to respond to an interrupt. 


¢ Special Character Recognition—lt is normal practice to embed 
control characters into the serial data stream between a computer and 
a terminal or printer. This requires the software to inspect each received 
character to determine if it is a control character, resulting in substantial 
overhead. The special character recognition hardware in the USART 
performs this function automatically, eliminating the software overhead. 
The user can designate up to 128 separate characters as being “spe- 
cial.” Whenever a designated character is received, a maskable inter- 
rupt is generated to notify the user. 


¢ Synchronous/Transparent Mode—in terminal adapter applications, it 
is often desirable to place data onto the network exactly as they are re- 
ceived from the terminal, with all framing bits included. This is referred 
to as a transparent channel. The USART synchronous/transparent 
mode provides this transparent channel by blindly receiving data in 8-bit 
portions. On every cycle of the receive clock, a data bit is received into 
the USART, including framing bits and idle bits. When 8 bits have been 
received, they are loaded into the FIFO. After several of these 8-bit 
portions of data have been received, they can be combined into a 
packet and transmitted over a network via the DLC. On the other side of 
the network, the receiving DLC processes the packet and places the 
field containing the data into memory. The USART on the receiving end 
can then re-transmit the 8-bit blocks of data, without the addition of 
framing bits. The result is a data stream that is identical to that received 
by the original USART, allowing any protocol to be transmitted over the 
network. 


DUAL-PORT MEMORY CONTROLLER 


When packet network hardware is built into a computer, such as a card in- 
Stalled in a PC, it is desirable to use a dedicated microprocessor to perform 
the communication tasks. This reduces the overhead placed on the host 
system’s microprocessor by the communication functions. Normaily, Layers 1, 
2, and 3 of the ISO-OSI model will run on the communication processor, while 
Layers 4 and above will be handled by the host processor. 


With the software functions divided between two processors, a communication 
mechanism is required that allows commands and data to be passed back 
and forth. The most straightforward vehicle is a shared memory interface, with 
a means for each processor to alert the other. To implement the shared 
memory, a section of each processor's memory must be common, and thus 
accessible by both processors, for example, a dual-port RAM. A means is 
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required to allow one processor to indicate to the other that a message (com- 
mand or data) is available. A system of interprocessor interrupts provides this 
function. The shared memory is divided into buffer spaces and a set of mail- 
boxes. The buffers are used to pass data to be transmitted and data that has 
been received back and forth between the host and the communications 
processor. The mailboxes are used for passing commands and status. When 
one processor has either a command or some status information for the other 
processor, it is placed in the appropriate mailbox. The sending processor then 
generates an interrupt to the other processor. The receiving processor re- 
sponds by reading the mailbox and clearing the interrupt. 


The IDPC’s Dual-Port Memory Controller (DPMC) provides the support hard- 
ware to build a low-cost shared memory interface. The DPMC’s bus arbitration 
unit allows low-cost static RAM to be used as dual-port memory. Hardware is 
provided for implementation of the interprocessor interrupt system. 


The DPMC performs the memory bus access arbitration between the commu- 
nications and the host processors. Each processor accesses the RAM as if it 
were the RAM'’s sole owner transparent to software. The DPMC generates the 
RAM cycle timing and outputs the appropriate chip select, output enable, and 
write enable signals. In the event of conflicting access requests, the DPMC 
holds off one of the processors for one memory cycle time by deactivating that 
processor's Ready signal. The interconnection between the RAM, the host’s 
system bus, and the communication processor's address/data bus, is made 
via the bus interface blocks (See Figure 1-2). These blocks consist of buffers 
and latches that control the flow of addresses and data between the two 
processors’ address and data buses and the RAM. The DPMC generates the 
control signals for the bus interface blocks. 


The DPMC also provides hardware support for the interprocessor interrupt 
structure. The communications processor can generate an interrupt to the 
host processor by setting a bit in a register located in the IDPC. The setting of 


Figure 1-2 DPMC Memory System Interconnection 
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this bit drives an IDPC pin (HINTOUT), which is connected to an interrupt re- 
quest line to the host processor. The host processor can clear the interrupt 
request by pulsing a pin on the IDPC. The host can generate an interrupt 
request to the communications processor by pulsing another pin on the IDPC. 
The communications processor clears this interrupt request by writing to a 
register in the IDPC. 


APPLICATIONS 


The IDPC provides the building blocks necessary to build terminal adapters 
and embedded communications processors. Additionally, the IDPC can be 
used in applications requiring separate synchronous and asynchronous 
communication channels. Whether the network is SNA, X.25, ISDN, or any 
other bit-oriented protocol-based network, two types of devices are needed: . 
terminal adapters that allow non-network-compatible equipment to be inter- 
faced to the network, and embedded communications processors that inte- 
grate the network interface directly into the computer or terminal. 


Terminal Adapter 


The terminal adapter is a self-contained device that allows non-network- 
equipped terminals or computers to be connected to a network. Figure 1-3 
shows the block diagram of a terminal adapter, including: a transceiver, pro- 


Figure 1-3 ISDN Term Adapter Application 
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viding the physical Layer 1 connection to the network; an High-Level Data 
Link Control (HDLC) protocol controller; a USART, providing the terminal inter- 
face; and a microprocessor, with RAM and ROM, to process both user data 
and cali controi. The HDLC protocoi controller and the USART are provided 
by the Am79C401 IDPC. In this example, an 80188 microprocessor provides 
the processing power. 


Embedded Communication Processor 


When the network interface is built into the computer or terminal, the commu- 
nication processor is connected directly to the host’s system bus. Figure 1-4 
shows the block diagram of an embedded communication processor. The 
DLC in the Am79C401 IDPC provides HDLC packet protocol processing for 
the network. The Dual-Port Memory Controller supports a shared memory 
interface to the host processor. In this example, the network software runs on 
the 80188 microprocessor. 


Figure 1-4 Typical SNA Application 
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TWO-WIRE/FOUR-WIRE 


In some countries, such as Germany, the wiring 
inside older buildings and to the central office is 
two-wire. For full-duplex data communication on two 
wires, Germany has adopted a ping-pong type of 
transmission known as UPO. UP0 is easier to imple- 
ment than 2B1Q and 4B3T, but can only be used for 
short distances. 


In the United States and some other countries, the 
wiring inside of most houses and office buildings is 
at least four-wire (allows S/T interface). However, 
the wiring from the buildings to the central offices is 
two-wire (U interface). Upgrading the two-wire lines 
to four-wire is usually cost prohibitive, so encoding 
techniques have been adopted to provide full-duplex 
data communication over the existing two wires. 
Two-wire basic rate is only point-to-point and does 
not support multiple terminals over a single 
connection. 


2B1Q (2 Binary to 1 Quarternary) is a type of 
transmission selected for the two-wire U-interface in 
the United States. The dominance of the U.S. 
market makes 2B1Q a likely selection for most other 
countries. 


4B3T (4 Binary, 3 Ternary) is the type of trans- 
mission selected for the two-wire U-interface in 
Germany. 


B-CHANNEL (Bearer Channel) 


B channel is a 64 Kbps clear channel in both basic 
rate and primary rate contexts. Clear channel means 
the B channel is intended to carry any variety of user 
information streams across the worldwide network. 
The B channel is digital information (digitized voice, 
data, text, etc.) and does not communicate with the 
switching network. 


BASIC RATE 


The basic rate for ISDN is a data rate of 144 Kbps, 
comprising two full-duplex 64 Kbps B channels and 
a single full-duplex 16 Kbps D channel (commonly 
referred to as 2B+D). The B channels can be used 
for either voice or data, and the D channel is used 
for call-control signaling and packet data. Basic rate 
is divided into two main sections, four-wire (“S”/“T” 
interface) and two-wire solutions. 


BIT-STUFFING 


This is a type of rate adaptation that uses uses bit- 
Stuffing (i.e., adding non-data dummy bits) to bring 
the data rate up to 64 Kbps. In addition, multiple 
channels can be time-multiplexed to bring up the 
data rate (i.e., several 9600 Bps channels can be 
placed within the 64 Kbps channel). Since many 


terminals have data rates much lower than 64 Kbps, 
this is an efficient multiplexing solution. However, 
bit-orienting does not support statistical multiplexing 
or even error-checking and re-transmission. 


CALL-CONTROL SIGNALING 


Of the various signaling methods, call-control 
signaling is the method used for call setup and 
teardown. Dial tone, ringing, busy signal, and 
connect are all examples of events controlled by 
call-control signals. The first priority of the D channel 
is to handle call-control signaling. 


CCITT 

(Consultative Committee for International Telephony 
and Telegraphy). The CCITT is part of the ITU 
(International Telecommunications Union), one of 
the oldest organizations within the United Nations. 
The CCITT recommends standards to allow world- 
wide telecommunications compatibility, including 
ISDN. 


D CHANNEL (Delta Channel) 

The D channel communicates to the switch network 
and is specified to be 16 Kbps (basic rate) or 64 
Kbps (primary rate). The primary intent of the D 
channel is to carry signaling information for network 
switching. It can also be used in other applications 
(e.g., packet data) at a lower priority. The D channel 
is required for call-control signaling only a very small 
percentage of the time. Therefore, sending packet 
data over the D channel is an efficient means of 
transmitting data while still having the B channels for 
other uses. 


DATA PROTOCOL 


Data Prtocol is a set of rules for data communication 
between like machines or entities. These rules 
specify a set of interactions that must occur in the 
same formats and have the same syntax rules. Data 
protocols on the 64 Kbps B channel can be catego- 
rized into either full data rate or rate adaption 
protocols. Both support packetized data. 


DMI (Digital Multiplexed Interface) 


DMI is a freely licensed specification from AT&T. It is 
divided into four modes, three of which are com- 
monly used in full data rate B channel transmission. 


DMI mode 0 is the mode used for a 64 Kbps syn- 
chronous clear channel. 


DMI mode 1 is a 56 Kbps synchronous channel in 
which one bit per byte of the B channel is reserved 
for a status field (i.e., 8 Kbps of overhead). 


DMI mode 2 is the data channel protocol mode 


which supports standard synchronous or asynchro- 
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nous data transmission up to 19.2 Kbps. DMI mode 
2 primarily supports terminal interface applications. 


DMI mode 3 protocol provides end-to-end error- 
controlled data transport (for either full rate or rate 
adaption) using the three lower levels of the OSI 
model as defined in X.25 (Layer 3) and Q.921/LAPD 
(Layer 2). It is primarily used in computer-to-com- 
puter applications. DMI mode 3 also provides sup- 
port for other network gateways using packet- 
oriented rate adaption (i.e., SNA, Ethernet, etc.). 


FULL DATA RATE (64 Kbps data) 


Since the B channel is a clear channel, the CCITT 
offers no specific recommendations for B-channel 
protocols. CCITT’s X.25 packet protocol, which 
includes LAPB for Layer 2, will be the most common 
non-proprietary selection for packetized data. 
Proprietary network protocols such as AT&T’s DMI 
modes 0 and 1, and IBM’s SNA may also be chosen. 


HDLC (High-level Data Link Control) 


HDLC is an international standard for packet data 
communication protocols defined by the ISO (Inter- 
national Standards Organization). Most protocols for 
packet data communications (i.e., SDLC, LAPB and 
LAPD) are subsets of HDLC. 


1.430 


1.430 is the CCITT recommendation for the “S” and 
“T” interfaces including the electrical and functional 
specifications. 


ISDN 


(Integrated Services Digital Network). ISDN is an 
international telecommunications standard that 
provides end-to-end digital connections for networks. 
ISDN is the evolution from the existing analog 
telephone network to a new digital network, which 
provides for both full-duplex voice and full-duplex 
data communication simultaneously through a single 
telephone line. Existing wire and data services will 
be universally accessed and new, high-value 
services will become available. 


ISO (International Standards Organization) 


ISO is an international organization that sets world 
wide standards in telecommunications, as well as 
other fields. 


LAPB LAYER 2 (Link Access Protocol, Balanced) 


LAPB Layer 2 is the OSI Layer 2 HDLC protocol 
within X.25 that establishes and maintains an error- 
controlled point-to-point link between a terminal and 
the packet network. 


Glossary 


LAPD (Link Access Protocol, D channel). 
see Q.921/LAPD. 


MULTIPLE LOGICAL LINKS 


Multiple logical links are connections to multiple 
addresses on a virtual network (no single dedicated 
transmission path). One data terminal can communi- 
cate simultaneously with multiple addresses at the 
same cost as one connection. LAPD Layer 2 or X.25 
Layer 3 are two protocols supporting multiple logical 
links. 


OSI MODEL 


(Open Systems Interconnection). The OSI is a 
hierarchical reference model for network functions in 
data communication developed by the International 
Standards Organization (ISO). Related functions are 
grouped together in seven layers, and each layer is 
a foundation to support the mechanics of the next 
higher level function. This divorces an upper layer 
from the concerns or changes in technology of its 
neighboring lower layer. OSI is similar to IBM’s SNA 
protocol layers. 


PACKET-SWITCHING 


A key benefit of ISDN, packet switching is a data- 
handling technique in a communications network. It 
breaks apart all messages to be transmitted into 
units called packets. Packets are routed based on 
the amount of traffic on different network paths, and 
all packets may not follow the same route. Each 
packet must be transmitted with a destination 
address. The destination computer reassembies the 
data, and packets can arrive at different times over 
different network paths and still be correctly 
interpreted. 


PRIMARY RATE 


The primary rate is composed of multiple B channels 
and one 64 Kbps D channel. The U.S. uses 23 B 
channels (23B+D), making a primary rate of 1.544 
Mbps. Europe uses 30 B channels (30B+D), for a 
rate of 2.048 Mbps. Both countries employ the 
Q.921 and Q.931 CCITT recommendations for their 
Layer 2 and Layer 3 (D channel signaling) protocols. 
Primary rate is typically used for computer-to-switch 
(PBX or central office) or switch-to-switch (PBX to 
central office) connections. 


Q.921/LAPD 


Q.921/LAPD is the CCITT recommendation for the 
ISDN user-network interface data link layer (Layer 2 
of the OSI model). This is also known as LAPD (Link 
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Access Protocol, D channel), and is used in both 
point-to-point and point-to-multipoint applications. 
LAPD can be used on the B channels as well 
(V.120, DMI mode 3) and many times is preferred 
because only one software package needs to be 
supported for all channels. LAPD supports multiple 
logical links in Layer 2 (in contrast to X.25, where 
multiple links require Layer 3, and are not supported 
in the LAPB Layer 2). 


Q.931/Q.932 


Q.931/Q.932 is the CCITT recommendation for the 
ISDN user-network interface network layer (Layer 3 
of the OSI model).This is the highest protocol layer 
specified for the ISDN. All higher layers are applica- 
tion-dependent (user-specified). 


RATE ADAPTATION 


Rate adaptation is needed when the message’s bit 
rate is less than the 64 Kbps transmission rate. Two 
types of rate adaptation are possible: bit-stuffing and 
packet-oriented. 


“S”/“T” REFERENCE POINT 


“S” is the CCITT reference point that corresponds to 
the interface between the terminal equipment (and/ 
or telephone) and the network termination. “T” is the 
CCITT reference point which corresponds to the 
interface between two parts within the network termi- 
nation. The “T” interface is a functional and electrical 
subset of the “S” interface. In practice, they can be 
considered identical. Both interfaces are four-wire 
interfaces. This allows each “S” interface to serve up 
to eight separate terminals in point-to-multipoint 
configuration. 


SNA 

(Systems Network Architecture). SNA is a structure 
of data protocols developed by IBM, and it predates 
the OSI model. 


STATISTICALLY MULTIPLEXED 


Transmission of packets is statistically multiplexed in 
the sense that if several users are trying to transmit 
packets over a given line, each user has an equal 
opportunity to gain access to the line. Statistically, 
no one user should be able to dominate the line. 
Each packet is sent as soon as transmission space 
is available. 


TRANSPARENT MODE 


Transparent mode allows for voice and data commu- 
nications over the B channels of the ISDN using any 
protocol scheme, as long as both ends use the same 
protocol. The transmitter and receiver must be 
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speaking the same language. This feature makes 
ISDN very flexible. 


“U” REFERENCE POINT 


(National option) 


The U reference point resides between the sub- 
scriber premises and the local exchange (a relatively 
long distance). It has intentionally been left unde- 
fined by CCITT. Physical differences between the 
wiring in different countries may cause selection of 
different solutions. The U.S. uses 2B1Q, whereas 
Germany has chosen a technique called 4B3T. 


UP, 


UP, is a ping-pong-type transmission. It is used in 
Germany for a two-wire option of the four-wire “S” 
interface. UP, is not a “U” interface CCITT recom- 
mendation. 


V.110/ECMA 102 


V.110 is the CCITT recommendation for interfacing 
non-ISDN equipment to ISDN equipment using a bit- 
stuffing technique. ECMA (European Computer 
Manufacturer's Association) 102 is the ECMA’s ver- 
sion of V.110. ECMA and V.110 are now nearly 
identical, and can be treated as a single document. 
Specialized hardware and software is required for 
this type of rate adaption. ITAC is designated to 
support V.110. 


V.120/V.tad 


V.120 uses LAPD, provides rate adaption via 
Statistical multiplexing, and supports multiple logic 
connections. V.120 can use standard HDLC inte- 
grated circuits such as AMD’s IDPC (Am79C401). 
V.120 requires little or no external hardware beyond 
the Am79C401 to accomplish rate adaptation. 


X.25 


This is the CCITT international packet- oriented 
protocol used primarily at OSI Model Layer 3. X.25 is 
in widespread use on data networks today. X.25 
Layer 3 allows data layers to be communicated 
across the network simultaneously between multiple 
logical links. This is a key benefit of ISDN because it 
is the most efficient use of the switching network. 


X.30 


X.30 is the recommendation which addresses the 
terminal adaption procedure for X.21-based termi- 
nals. This is similar to V.110 except that V.110 
supports V.24-based (RS232) terminals. It is the 
serial data control signaling that differentiates the 
two types of terminals. 


Glossary 


X.31 


X.31 is a procedural specification that allows X.25 to 
be accessed by a higher level application. 


ACRONYMS 


AmLink™ ISDN software package through Layer 2 
(LAPB, LAPD, Q.921) 


AmLink3™—ISDN software package through Layer 
3 (AmLink + Q.931 + X.25) 


ARCOFI™—Audio Ringing Codec Filter (Am2160) 
CEME—Coordinating Entity/Management Entity 
CEP—Compression Expansion Processor (Am7971) 
Codec—Coder/Decoder circuit 

DLC—Data Link Controller 

DSC—Digital Subscriber Controller (Am79C30A) 
DSL—Digital Subscriber Loop 


EPIC™—Extended PCM Interface Controller 
(Am2055) 


HSCC™—High Level Serial Communications 
Controller (Am82520) 


HSCX™—High Level Serial Communications 
Controller Extended (Am82525) 


IBC™—ISDN Burst Transceiver Circuit (Am2095) 
IDC™—ISDN Data Controller (Am79C32A) 


IDEC™—ISDN D-channel Exchange Controller 
(Am2075) 


IDPC'™—Integrated Data Protocol Controller 
(Am79C401) 


IEC™—ISDN Echo Canceller Circuit (Am2090, 
4B3T) 


IEC-Q™—ISDN Echo Canceller Circuit (Am2091, 
2B1Q) 


Glossary 


IOM-2™—ISDN Oriented Modular Interface - 
Revision 2 


ISAC-P™—ISDN Subscriber Access Controller 
(Am20950) 


ISAC-S™—ISDN Subscriber Access Controller - 
S/T Interface (Am2085) 
ITAC™—ISDN Terminal Adaptor Circuit (Am2110) 


ITCB™—ISDN Terminal Coprocessor Board 
(Am79B320) 


iVDT—Integrated Voice/Data Terminal 
Li—Line Interface 

LIU—Line Interface Unit 

MAP—Main Audio Processor 
ME—Management Entity 
MPI—Microprocessor Interface 
NLP—Network Layer Packet 
NLS—Network Layer Signalling 
OSC—Oscillator 

PAD—Packet Assembler/Disassembler 


QEPC™—Quad Exchange Power Controller 
(Am7938) 


SBC™—1ISDN S/T Bus Interface Circuit (Am2080) 


SBCX™—ISDN S/T Bus Interface Circuit Extended 
(Am2081) 


TA—Terminal Adaptor 
V/D—Voice/Data 
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